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PUBLISHER’S  NOTE 


Volume  IV  is  a  literal  translation  from  the  twelfth  German  edition. 
As  pointed  out  in  the  Publisher’s  Note  of  Volume  III,  with  the  out¬ 
break  of  World  War  II  we  were  faced  with  the  difficult  problem  of 
deciding  whether  to  discontinue  publication  of  the  translation  and 
revision  of  the  twelfth  German  edition  with  Volume  II  of  this  series 
or  to  complete  the  series  with  a  literal  translation  from  the  German. 
The  latter  procedure  was  followed  for  Volume  III  and  approved  by 
the  majority  of  the  reviewers  despite  its  shortcomings.  We  are, 
therefore,  with  the  fourth  volume  completing  the  literal  translation 
of  the  remaining  parts  of  the  German  set. 

This  volume  treats  of  the  “Heterocyclic  Compounds”  (which 
constituted  the  third  volume  of  the  German  original)  and  of  “Free 
Radicals”  (part  of  Volume  II,  Part  2,  of  the  German  original). 

With  the  publication  of  Volume  IV,  the  entire  twelfth  German  edi¬ 
tion  becomes  available  in  an  English  translation;  the  user  will  find 
in  it  a  concise  and  comprehensive  inventory  of  the  most  important 
organic  chemical  compounds.  As  before,  an  added  feature  of  the 
present  English  edition  is  that,  wherever  possible,  references  are  given 
to  the  original  journals  and  not  to  Chemisches  Zentralblatt,  and  that 
names  of  the  authors  have  been  added. 

We  again  wish  to  express  our  thanks  to  Dr.  A.  J.  Mee  and  M.  F. 
Darken  for  translating,  editing,  and  checking  this  difficult  and  com¬ 
plex  text,  and  to  Dr.  G.  Berend  for  the  preparation  of  the  exhaustive 
index. 

Elsevier  Publishing  Co.,  Inc. 

May,  1947 
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THE  HETEROCYCLIC  COMPOUNDS 


THE  HETEROCYCLIC  COMPOUNDS 

BY  F.  Reindel 

INTRODUCTION 

Carbocyclic  compounds,  described  in  Volumes  II  and  III  of  this 
work,  are  characterized  by  having  only  carbon  atoms  in  their  rings. 
This  volume  treats  of  those  cyclic  compounds  whose  ring  structure  is 
formed  of  atoms  of  carbon  and  of  one  or  more  other  polyvalent  ele¬ 
ments.  These  compounds  are  termed  heterocyclic  compounds  (from 
erepos,  other),  and  the  atoms  other  than  carbon  which  occur  in  their 
rings  are  called  hetero  atoms.  The  most  important  of  the  hetero  atoms 
are  nitrogen,  oxygen,  and  sulfur.  Among  the  less  important  hetero 
atoms  are  selenium,  tellurium,  phosphorous,  and  arsenic.  In  a  few 
cases  iodine  (diphenyleneiodinium  iodide)  and  metals  join  with  car¬ 
bon  to  form  rings.  In  this  classification  the  salts  of  dicarboxylic  acids 
with  divalent  metals  are  not  considered  heterocyclic  compounds. 

Many  heterocyclic  compounds  which  can  be  obtained  from  and 
converted  to  aliphatic  or  alicyclic  compounds  by  simple  chemical 
processes,  such  as  hydrolysis  or  depolymerization,  have  been  de¬ 
scribed  with  the  parent  substances  in  earlier  volumes.  Among  such 
compounds  are  the  polymeric  modifications  of  aldehydes ,  such  as  tri- 
oxymethylene  and  paraldehyde,  the  cyclic  ethers  of  glycols  and  thio- 
glycols,  such  as  ethylene  oxide,  diethylene  oxide  and  diethylene  disul¬ 
fide,  the  cyclic  alkylenimines,  such  as  tetramethylenimine  (pyrroli¬ 
dine)  and  diethylenediimine  (piperazine),  the  cyclic  esters  of  hydroxy 
and  amino  acids,  such  as  lactides,  lactones  and  lactams,  and  the 
cyclic  derivatives  of  dibasic  carboxylic  acids,  such  as  anhydrides,  imides, 
alkylene  esters  and  alkylene  amides.  The  description  of  such  com¬ 
pounds  logically  belongs  in  the  sections  dealing  with  the  parent  sub¬ 
stances. 

The  heterocyclic  compounds  included  in  this  volume  usually  possess 
a  stable  ring  structure  which  is  not  readily  ruptured.  Such  a  ring 
structure  may  be  considered  as  a  nucleus,  whose  derivatives  are  re¬ 
lated  to  the  simple  ring  structure  in  the  same  way  as  aromatic  com¬ 
pounds  are  related  to  benzene.  The  stable  heterocyclic  rings,  like 
benzene,  usually  contain  several  olefinic  linkages. 

The  heterocyclic  rings  containing  five  and  six  members,  like  the 
analogous  carbon  rings,  are  the  most  stable  and  important.  The 
stability  of  six-membered  rings  is  illustrated  by  the  tendency  of 
polymerization  processes  to  form  them,  as  in  the  polymerization  of 
formaldehyde  (Vol.  I,  p.  233)  to  trioxjunethylene  (Vol.  I,  p.  236), 
of  acetaldehyde  (Vol.  I,  p.  236)  to  paraldehyde  (Vol.  I,  p.  237)  and 
of  cyano  compounds  to  derivatives  of  a  six-membered  ring  containing 
three  carbon  atoms  and  three  nitrogen  atoms  (Vol.  I,  p.  520).  Five- 

3 


4 


INTRODUCTION 


j 


membered  rings  also  result  from  polymerization,  as  in  the  polymeri¬ 
zation  of  fulminic  acid  (Vol.  I,  p.  294),  metafulminuric  acid,  and  iso- 
cyanilic  acid  (Vol.  I,  p.  294).  Three-  and  four-membered  rings  are 
usually  formed  with  difficulty  and  are  easily  opened.  The  less  familiar 
seven-membered  rings  are  also  unstable.  It  seems  probable,  how¬ 
ever,  that  rings  larger  than  this  are  more  stable;  the  lactone  of  16- 
hydroxy-7-hexadecenoic  acid  (ambrettolide),  which  is  found  in  musk 
seed  oil,  contains  a  ring  of  seventeen  members  ( Kerschbaum ,  Ber.  60, 
903;  see  Vol.  I,  p.  454). 


Adaptation  of  Baeyer’s  strain  theory  to  heterocyclic  rings  is  complicated  by  the 
different  natures  of  the  hetero  atoms.  However,  certain  generalizations  concern¬ 
ing  the  relative  value  of  these  various  atoms  or  groups  in  ring  structure  can  be 
made.  Thiophene,  with  a  ring  containing  four  CH -groups  and  one  S-atom,  be¬ 
haves  very  much  like  benzene,  while  thiazole,  with  a  ring  containing  three  CH- 
groups,  one  N-atom  and  one  S-atom,  resembles  pyridine,  whose  ring  is  composed 
of  five  CH -groups  and  one  N-atom.  Therefore,  one  S-atom  in  the  ring  appears 
to  be  equivalent  to  the  group  — CH— CH — : 


CH 

ch/\ch 


CH 


CH 


\/ 

CH 

Benzene 
b.p.  80.4° 


CH 


CH 


S 

CH 


Yh 

Thiophene 
b.p.  84° 


CH 

ch/\ch 


CH 


CH 


V 

N 

Pyridine 
b.p.  115° 


CH 


CH 


S 

CH 


\Y 

N 

Thiazole 
b.p.  117° 


The  substitution  of  a  CH -group  by  an  N-atom  in  practically  every  type  of 
ring  structure  lessens  the  stability  very  little.  Pyridine  has  about  the  same 
stability  as  benzene.  By  successive  replacement  of  the  CH -groups  in  pyrrole  by 
one,  two,  and  three  N-atoms,  a  series  of  compounds  with  similar  stability  of  ring 
and  regular  variation  of  physical  properties  is  obtained : 


CH=CH 

I 

CH=CH 


NH 


CH=N 

I 

CH=CH 


NH 


CH=N 

I 

N=CH 


NH 


CH=NV 

I  > 

N=N' 


NH 


Pyrrole 

liquid 


Pyrazole 
m.p.  70° 


1,2,4-Triazole 
m.p.  121° 


Tetrazole 
m.p.  156° 


Two  systems  of  classification  are  possible  for  heterocyclic  ring  systems.  When 
classified  in  homologous  series,  rings  with  the  same  number  and  kind  of  hetero 
atoms  are  arranged  in  the  order  of  increasing  number  of  carbon  atoms  in  the  ring. 


C - C 

N>/ 


CH,— CH2 


\)/ 


Ethylene  oxide 
(Vol.  I,  p.  367) 


Homologous  Series  of  Heterocyclic  Compounds 

With  one  0-atom  in  the  ring 


Trimethylene  oxide 
(Vol.  I,  p.  368) 


C— C— c— c 


ch2— ch2— ch2- 

I - o - 


-CH, 


Tetramethvlene  oxide 
(Vol.  I,  p.  368) 


CH2 

I _ 


-CH2 — CH2 — CO 
- O - 1 


Butyrolactone 
(Vol.  I,  p.  427) 


co- 

I _ 


-ch2— ch2- 
— o - 


-CO 

! 


c— c— c— c— c 


CH2 — CH, 


-CH2— CHa— CH2 
-O - ' 


Pentamethylene  oxide 
(Vol.  I,  p.  368) 


ch2 — CH2 — CH2 — CH2 — CO 
I - o - 1 


5-Valerolactone 
(Vol.  I,  p.  427) 


CO— oh2— ch2— ch2— CO 
I - o - 1 


Succinic  anhydride 
(Vol.  I,  p.  551) 


Glutaric  anhydride 
(Vol.  I,  p.  557) 
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C - C 

\N/ 

CHj - CH2 

NsTH^ 

Ethylenimine 
(Vol.  I,  p.  386) 


CO - CO 

Nnh/ 

Oxalimide 
(Vol.  I,  p.  539) 


c— c— c 

\n/ 

CH2— CH2— CH2 

Trimethylenimine 
(Vol.  I,  p.  386) 


With  one  N-atom  in  the  ring 
C— C— C— C 


CO— CH2— CO 
^NH^ 

Malonimide 


ch2— ch2— ch2— ch2 

i - NH - 1 

Tetramethylenimine,  Pyrroli¬ 
dine  (Vol.  I,  p.  386) 

ch2 — ch2 — ch2 — CO 

I - NH - 1 


Butyrolactam 
(Vol.  I,  p.  450) 

CO— ch2— ch2- 
I - NH - 


-CO 


Succinimide 
(Vol.  I,  p.  552) 

CH=CH — CH=CH 
i - NH - 1 

Pyrrole 


ch2— ch2— ch,— ch2— ch 

i - NH - — J 

Pentamethylenimine,  Piperidine 
(Vol.  I,  p.  386) 

ch2— ch2— ch2— ch2— Co 

i - NH - 1 

6-Valerolactam 
(Vol.  I,  p.  451) 

CO — ch2 — ch2 — ch2 — CO 

1 - NH - 1 

Glutarimide 
(Vol.  I,  p.  557) 

CH — CH=CH — CH=CH 
1L  . N - 1 

Pyridine 


The  second  system  of  classification,  the  one  used  in  this  book, 
arranges  the  heterocyclic  ring  systems  according  to  the  number  of 
atoms  in  the  ring.  This  arrangement  has  the  advantage  that  ring 
systems  with  analogous  methods  of  formation  and  similar  stability, 
or  regularly  varying  stability,  are  described  in  sequence.  It  has  the 
further  advantage  that  the  relatively  unimportant  heterocyclic 
compounds  containing  three  and  four  members  in  their  rings  are 
treated  in  separate  sections  from  the  more  important  ones  containing 
five  and  more  members.  Each  principal  group  is  subdivided  accord¬ 
ing  to  the  number  of  hetero  atoms  in  the  ring.  This  system  is  known 
as  classification  in  isologous  series  (Vol.  I,  p.  34).  In  the  following 
tables  its  application  to  the  five-  and  six-membered  rings  is  shown. 

Isologous  Series  of  Heterocyclic  Ring  Systems 


C—C—C—C 


Furans 

(y-lactones,  succinic 
anhydrides) 


Five-membered  heterocyclic  rings 


C—C—C—C 


Thiophenes 


C—C—C—C 


Selenophenes 


C— C— C— N 


Isoxazoles 


C— C— N— C 


Oxazoles 


C— C— C— N 


Isothiazoles 

(Isobenzothiazoles) 


C— C— N— C 


Thiazoles 


C— C— N— C 


Selenazoles 


C—C—C—C 


Pyrroles 

(y-lactams,  succin- 
imides) 


C— C— C— N 

Pyrazoles 


Imidazoles 


C— C— N— N 


1,2,3-Oxadiazoles 


C— C— N— N 


C— C— N— N 


1 ,2,3-Thiadiazoles  1 ,2,3-Selenodiazoles 


C— C— N— N 

1,2,3-Triazoles 
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N— C— C— N 


1,2,5-Oxadiazoles 

(Furazans) 

C— N— C— N 

1,2,4-Oxadiazoles 

(Azoximes) 

C— N— N— C 


1,3,4-Oxadiazoles 


N— C— C— N 


1,2,5-Thiadiazoles 

(Piazthioles) 

C— N— C— N 

1.2.4- Thiadiazoles 
(Azosulfimes) 

C— N— N— C 

1.3.4- Thiadiazoles 


N— C— C— N 

1,2,5-Selenodiazoles 

(Piaselenoles) 


N— C— C— N 

2.1.3- Triazoles 

C— N— C— N 

1.2.4- Triazoles 

C— N— N— C 

4,1,2-Triazoles 


N— C— N— N 


Oxatriazoles 
(see  v.  Pechmann, 
Ber.  30,  2874) 


N— C— N— N 

Thiatriazoles 


C— N— N— N 

Tetrazoles 


Six-membered  heterocyclic  rings 

Rings  containing  more  than  one  O-  or  S-atom  are  not  included  in  this  table. 
Ring  systems  enclosed  in  brackets  have  not  yet  been  found. 


c— c— c— c—c 

Pyrans 

O— C— C— C— -N 

1.2- Oxazines 
Orthoxazines 

C-C— C— N— C 

1.3- Oxazines 
Metoxazines 

C—C— N— C— C 

1.4- Oxazines 
Paroxazines 


c— c— c— c— c 

1,4-Thiapyrans 

C^-C— C— C— N 

1.2- Thiazines 

C-^C— N— C 

1.3- Thiazines 
Metathiazines 

C— C— N —C—C 

1.4- Thiazines 
Parathiazines 


c— c— c— c— c 

Pyridines 

C—C— C—C— N 

Pyridazines 

1.2- Diazines 

C— C— C—N— C 

Pyrimidines 

1.3- Diazines 

C— C— N— C— C 

Pyrazines 

1.4- Diazines 


C— C— C— N— N 

11,2,3-Oxadiazines] 

C^— C— N— C— N 

1.2.4- Oxadiazines 

C— N— C— C—N 

1.2.5- Oxadiazines 

N— C— C— C— N 

1.2.6- Oxadiazines 


C— C^C— 

[1,2,3-Thiadiazines] 

C— C— N— C— N 

[  1 , 2,4-Thiadiazines  ] 

C— N— C — C — N 

1 1 .2.5- Thiadiazines  ] 

N— C—C— C—N 

1 1 .2.6- Thiadiazines  ] 


C-C— C— N— N 

®-Triazines 

C— C— N— N— C 
■N. 

as-Triazines 


1,2,5-  =  1,2,4-  =  as 


1,2,6-  «=  1,2,3-  ■»  v 
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C— N—C— N—C 

U  ,3,5-Oxadiazines  ] 

C— C— N— N—C 

1,3,4-Oxadiazines 


q— N—C— N— C 

1,3,5-Thiadiazines 

C— C— N— N—C 

1,3,4-Thiadiazines 


C— N—C— N—C 
•N. 

s-Triazines 


1,3,4-  =  1,2,4-  =  as 


C— C— N— N— N 

I. 1,2,3,4-Oxatriazines  ] 

C— N— C— N— _N 

II, 2,3,5-Oxatriazines] 

N— C— C— N-^N 

11,2,3,6-Oxatriazines] 

C— N— N —C— N 

11,2,4,5-Oxatriazines] 

N— C— N— C— N 

[1,2,4,6-Oxatriazines] 


C— C— N— N— N 

[1,2,3,4-Thiatriazines] 

C— N—C— N— N 

[1,2,3,5-Thiatriazines] 

N— C— C— N— N 

[1,2,3,6-Thiatriazines] 

C— N— N— C— N 

1 1 , 2 ,4 , 5-Thiatriazines  ] 

N— C— N— C— N 

[1,2,4,0-Thiatriazines] 


C— C— N— N— N 

r-Tetrazines 

C— N— C— N— N 

1,2,3,5-Tetrazines 


1,2, 3, 6-  =  1,2, 3, 4-  =  v 

C— N— N— C— N 
•N — 

s-Tetrazines 


1,2, 4, 6-  =  1, 2,3,5- 


Among  the  heterocyclic  ring  systems  there  are  dicyclic  and  poly¬ 
cyclic  condensed  nuclei  which  bear  the  same  relation  to  the  simple 
heterocyclic  rings  as  indene,  naphthalene,  anthracene,  and  the  like 
do  to  benzene.  Only  the  heterocyclic  rings  containing  two  neighbor¬ 
ing  carbon  atoms  which  can  also  participate  in  an  aromatic  ring 
can  form  such  condensed  nuclei.  These  condensed  ring  systems  com¬ 
bine  the  properties  of  carbocyclic  and  heterocyclic  rings.  In  the 
absence  of  a  special  name,  such  as  indole  or  quinoline,  they  are  desig¬ 
nated  by  preceding  the  name  of  the  heterocyclic  ring  by  benzo-  or 
phen-,  dibenzo-  or  diphen-,  naphtho-,  or  the  like. 

A  condensed  ring  system  containing  both  a  heterocyclic  and  an  aromatic  ring  is 
almost  always  formed  so  that  two  neighboring  carbon  atoms  are  members  of  both 
rings.  However,  compounds  in  which  a  heterocyclic  ring  is  joined  to  a  benzene 
ring  in  the  1,3-position  are  known  ( Scholtz ,  Ber.  35,  3054;  Autenrieth ,  Beuttel, 
Ber.  42,  4357;  v.  Braun,  Neumann,  Ber.  52,  2015;  Reindel,  Schuberth,  Ber.  57, 
369) .  The  rings  of  bicyclic  nuclei  formed  of  two  heterocyclic  rings  share  either 
two  neighboring  carbon  atoms  or  a  carbon  atom  and  an  adjoining  nitrogen  atom. 
The  latter  structure  is  illustrated  by  a  whole  series  of  alkaloids. 

Many  heterocyclic  compounds  occur  in  technical  and  natural 
products.  The  numerous  and  important  plant  alkaloids  are  deriva¬ 
tives  of  pyridine  and  the  hydropyridines.  Pyridine,  pyrrole,  thio¬ 
phene,  thianaphthene,  and  benzofuran  (coumarone)  occur  in  coal  tar, 
and  2 -furaldehyde  (furfural)  and  other  furan  derivatives  are  found  in 
wood  tar.  The  cleavage  of  proteins  yields  many  simple  and  con¬ 
densed  heterocyclic  ring  systems  (proline,  hydroxyproline,  trypto¬ 
phan,  histidine).  Indoles  are  formed  in  the  putrefaction  of  albumin. 


8 


INTRODUCTION 


The  physiologically  important  coloring  matters  (blood  pigments, 
bile  pigments,  porphyrins,  chlorophyll),  which  belong  to  the  pyrrole 
family,  illustrate  the  great  significance  of  heterocyclic  compounds  in 
nature.  The  technical  importance  of  heterocyclic  compounds  is  ex¬ 
emplified  by  indigo,  a  derivative  of  indole;  it  was  obtained  from  the 
plant  a  long  time  ago,  and  its  synthetic  production  on  a  large  scale  is 
the  result  of  many  advances  in  chemistry  and  technology.  Many 
synthetic  heterocyclic  compounds  are  prepared  technically  because  of 
their  coloring  or  pharmaceutical  properties.  Among  these  are  tkio- 
indigo  red  and  similar  dyes,  dyestuffs  of  the  1,4 -oxazine,  1,^-thiazine 
and  \,\.-diazine  series ,  such  as  resorufine,  methylene  blue,  toluylene  red, 
safranine  and  indanthrene,  dyestuffs  containing  the  thiazole  grouping, 
the  important  febrifuges  of  the  pyrazole  family  ( antipyrine  and 
pyramidone,  and  combinations  of  these  with  other  pharmacologically 
active  compounds),  piperazine  (hexahydropyrazine),  the  quinoline 
derivatives  plasmochin  and  cinchophen  (atophan),  and  acridine  com¬ 
pounds  such  as  acriflavine  (trypaflavine)  and  quinacrine. 

Nomenclature  and  Numbering  of  Heterocyclic 

Ring  Systems 

The  chemical  nomenclature  in  this  translation  of  Volume  III  of 
the  twelfth  edition  of  Richter- Anschutz  “Chemie  der  Kohlenstoff- 
verbindungen”  follows  the  usage  of  “Chemical  Abstracts.”  The 
rules  for  naming  and  numbering  heterocyclic  compounds  are  given 
in  the  introduction  and  appendix  of  the  “Ring  Index.”*  These 
rules  will  be  stated  briefly  here : 

For  many  of  the  ring  systems,  the  generally  accepted  trivial 
names,  such  as  furan,  pyrrole,  and  quinoline,  are  preferred. 

For  systems  with  no  generally  accepted  trivial  name,  a  compre¬ 
hensive  system  of  nomenclature  has  been  devised.  These  syste¬ 
matic  names  are  intended  to  give  a  complete  description  of  the  com¬ 
pounds  in  terms  of  a  limited  number  of  fundamental  ring  systems, 
aided  by  prefixes  and  position  numbers.  The  authors  of  the  system 
do  not  recommend  that  these  names  be  used  exclusively;  some 
heterocyclic  compounds  are  more  conveniently  considered  as  acid 
anhydrides,  lactones,  or  the  like. 

SIMPLE  HETEROCYCLIC  RINGS.  Nomenclature:  The  syste¬ 
matic  names  of  the  simple  heterocyclic  rings  are  formed  from  one 
component  denoting  the  number  and  kind  of  hetero  atoms,  and 
another  indicating  the  size  of  the  ring.  The  former  consists  of  a 
prefix,  such  as  aza-,  oxa-,  thia-,  diaza-,  oxadiaza-,  or  the  like.  If 
more  than  one  kind  of  hetero  atom  is  present  in  the  ring,  the  pre¬ 
fixes  are  combined  in  the  order:  O,  S,  Se,  N,  P,  As. 

The  size  of  the  ring  is  expressed  by  the  name  ending,  such  as  -ole 
for  five-membered  rings,  -ine  for  six-membered  rings  and  -epine  for 
seven-membered  rings.  For  non-nit rogenous  rings,  the  final  “e”  is 
dropped  from  all  the  endings  except  -ole. 

If  the  construction  of  names  by  this  system  brings  two  vowels  to- 


*  Patterson  and  Cay  ell,  The  Ring  Index.  Reinhold,  New  York,  1940. 
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gether,  the  final  vowel  of  the  prefix  is  dropped,  as  in  azine  and  oxa- 
zole.  Its  retention  in  other  cases,  such  as  oxadiazole,  often  marks 
a  departure  from  the  earlier  nomenclature. 

The  positions  of  the  hetero  atoms  and  of  any  “  extra’ 1  hydrogen 
atoms  (that  is,  of  any  group  like  CH2  or  NH  that  may  be  present) 
are  indicated  by  numbers  prefixed  to  the  name.  If  the  “extra” 
hydrogen  atom  is  on  a  carbon  atom,  its  position  is  given  after  those 
of  the  hetero  atoms.  For  example: 


1,2,4-Oxazine: 


[i] 

O 


[6]  CH 


\ 

N  [2] 


[5]  CH  CH  [3] 

^CH2/ 

14] 


If  the  “extra”  hydrogen  atom  is  on  a  hetero  atom,  the  position  of 
that  hetero  atom  takes  precedence  over  that  of  any  similar  hetero 
atom.  For  example: 


1,4,2-Oxadiazine: 


[6]  CH 


[i] 

O 


\ 

N  [2] 


[&]  CH 

NnH' 

[4] 


CH  [3] 


Numbering:  The  numbering  of  a  ring  containing  one  hetero  atom 
begins  on  the  hetero  atom.  In  rings  containing  more  than  one 
hetero  atom,  position  1  is  assigned  according  to  the  order:  0,  S, 
Se,  N,  P,  As.  The  numbering  is  continued  around  the  ring  in  the 
direction  that  gives  the  remaining  hetero  atoms  the  lowest  possible 
numbers.  The  term  “lowest  possible  numbers”  is  taken  to  mean 
those  that  include  the  lowest  individual  number  or  numbers. 

FUSED  HETEROCYCLIC  SYSTEMS.  Nomenclature:  The 
systematic  names  of  most  heterocyclic  polynuclear  ring  systems  are 
obtained  by  combining  the  names  of  simpler  systems  which  may  be 
thought  of  as  “fused”  together  to  form  the  system  to  be  named. 

One  component  is  chosen  as  the  “parent”  form;  to  its  name  are 
attached  prefixes  denoting  the  other  components.  A  heterocyclic 
component  is  always  preferred  as  parent  form  before  a  carbocyclic 
component,  and  a  nitrogenous  component  before  other  heterocyclic 
components.  The  largest  component  with  a  simple  name  which 
conforms  to  these  rules  is  used  for  the  fundamental  part  of  the  name. 
Thus,  “benzoquinoline”  is  preferred  to  “  quinolinobenzene”  and  to 
‘  ‘  naphthopyridine .  ’  ’ 

The  bonds  shared  by  the  components  of  fused  systems  are  indi¬ 
cated  by  numbers  in  brackets  between  the  prefix  and  the  funda¬ 
mental  part  of  the  name,  and,  in  more  complicated  cases,  also  be¬ 
tween  prefixes.  For  this  purpose  each  component  is  assigned  the 
numbering  it  would  have  as  a  separate  system;  in  order  to  minimize 
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the  use  of  primes,  the  sides  of  the  parent  compound  are  lettered 
a,  b ,  c,  etc.,  in  order,  beginning  with  the  side  1,2.  For  example: 


Pyrido  [2,3-6  [quinoline  Pyrido  [3,2 -g  [quinoline 

The  reversal  of  the  numbers  2,3  to  3,2  in  these  names  is  the  means  of 
expressing  that  the  numbers  of  the  fused  ring  travel  with  those  of 
the  fundamental  ring  in  the  first  compound,  and  against  them  in  the 
second.  Wherever  possible,  unnecessary  numbers  or  letters  are 
omitted;  thus,  benzo[l,2-gr] quinoline  may  be  shortened  to  benzo¬ 
le]  quinoline. 

Numbering:  Linear  polynuclear  ring  systems  containing  one  or 
more  heterocyclic  rings  are  numbered  beginning  with  that  outside 
ring  and  in  that  direction  which  will  give  the  hetero  atoms  the  low¬ 
est  possible  numbers,  in  the  same  order  of  preference  as  in  mono¬ 
nuclear  systems.  For  example: 


H2 


2,3,1-Benzoxazine  Phenazine 


Angular  polynuclear  ring  systems  are  numbered  clockwise  from 
the  first  free  angle  of  the  upper  right  ring  of  the  formula  when  it  is 
oriented  so  that  the  greatest  possible  number  of  rings  are  in  a  hori¬ 
zontal  row  and  as  many  as  possible  of  the  remaining  rings  are  above 
and  to  the  right  of  the  horizontal  row: 


Benzo  [c  [phenantliridine  Indolo  [2,3-c  [quinazo  [3,2-a  [pyridine 

(Parent  of  rutaecarpine) 

Interior  carbon  atoms  (common  to  two  or  more  rings)  are  desig¬ 
nated  by  adding  a  (or  b,  c,  etc.,  in  case  of  a  succession  of  them)  to 
the  number  of  the  position  just  preceding  in  the  clockwise  order. 
If  there  is  a  choice  of  such  positions,  the  highest  number  is  used. 
For  example: 
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OCHj 
HsCO/^ 


H3CC)/11 


4CH2 


h-C0Vw^CH2 

h2  I 

CHj 

6-Methyl-5,6,6a,7-tetrahydro-l,2,9,10-tetramethoxy-4-dibenzo[aTe,  ^jquinoline 

(Glaucine) 


The  Ring  Index  makes  a  few  exceptions  from  the  rules  of  standard 
numbering  in  favor  of  widely  accepted  numberings  of  important 
parent  systems,  namely  acridine,  anthracene,  carbazole,  cyclopenta- 
[a]  phenanthrene,  phenanthrene,  purine,  and  xanthene,  and  certain 
numberings  which  depend  directly  on  these,  such  Nas  isocarbazole 
and  isoxanthene. 


\ 


« 


A.  THREE-MEMBERED  HETEROCYCLIC 

COMPOUNDS 

The  heterocyclic  compounds  with  three-membered  rings  are 
generally  less  stable  than  the  corresponding  carbocyclic  compounds, 
and  relatively  unimportant.  The  ease  with  which  the  rings  in  such 
compounds  open  for  the  addition  of  atoms  or  atomic  groups  is  an 
indication  of  ring  strain.  They  are  formed  only  under  the  most 
favorable  conditions.  Several  compounds  which  at  first  were  reported 
to  contain  three-membered  rings  were  found  on  further  investigation 
to  be  aliphatic  compounds  or  to  have  double  the  molecular  weight 
and  twice  as  large  a  ring. 


I.  THREE-MEMBERED  RINGS  WITH  ONE 

HETERO  ATOM 

1.  WITH  ONE  OXYGEN  ATOM  IN  THE  RING 


H2C\ 

Ethylene  oxide,  |  yO.  The  preparation  and  properties  of  this  compound 

H2CX 

are  described  in  the  section  on  ethylene  glycol  in  Vol.  I.  The  tendency  of  this 
ring  to  open  is  so  great  that  ethylene  oxide  reacts  with  solutions  of  metal  chlorides 
to  form  ethylene  chlorohydrin,  precipitating  the  metal  as  the  Irydroxide.  Sub¬ 
stituted  ethylene  oxides,  such  as  tetramethylethylene  oxide  (Vol.  I,  p.  368),  the 
glycidol  compounds  (Vol.  I,  p.  587),  and  condensed  nuclei  containing  the  ethylene 
oxide  ring  (such  as  tetrahydronaphthalene  oxide  and  dioxotetrahydronaphthalene 
oxide)  behave  in  the  same  way. 

2.  WITH  ONE  SULFUR  ATOM  IN  THE  RING 


Ethylene  sulfide  is  not  known,  although  its  polymers,  (ChlbS)*  and  (C2- 
II4S)2  (Vol.  I,  p.  374),  have  been  prepared.  For  addition  products  of  sulfur  to 
ethylene  and  acetylene  derivatives,  see  Michael,  Ber.  28,  1635,  and  Baumann, 
Fromm,  Ber.  30,  110. 

3.  WITH  ONE  NITROGEN  ATOM  IN  THE  RING 


H2C\ 

Ethylenimine,  I  bNH,  formerly  known  as  vinylamine  (Vol.  I,  p.  199), 
H2CX 

is  prepared  by  removal  of  HBr  from  |8 -bromoethylamine.  Oxalimide,  obtained 
from  oxamic  acid  with  phosphorus  chloride,  has  been  assigned  the  formula 
C(X 

I  yNH,  a1  though  the  evidence  for  it  is  not  conclusive  (see  de  Mouilpied, 
Rule,  J.  91,  176). 
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II.  THREE-MEMBERED  RINGS  WITH  TWO 

HETERO  ATOMS 

For  some  time  this  type  of  ring  was  thought  to  exist  in  the  so-called  nitrile 
oxides  (I),  hydrazi  compounds  (II),  and  aliphatic  diazo  compounds  (III) : 


I.  Nitrile  oxides,  1  II.  Hydrazi  compound,  III.  Aliphatic  diazo 

oxazirines  diaziridine  compound 

Subsequent  investigations,  especially  those  of  Angeli  and  Staudinger  (Ber.  44, 
2197,  2203;  Helv.  4,  228),  made  it  evident  that  all  these  compounds  are  very 
probably  aliphatic  derivatives,  with  these  formulas: 

IV.  R-C;N:0  V.  CH2:NNH2  VI.  CII2 :  N ;  N 

Hydrazi  compounds  and  aliphatic  diazo  compounds  are  described  in  Vol.  I,  pp. 
252-253,  and  benzonitrile  oxide  is  described  in  Vol.  Ill,  p.  315. 


B.  FOUR-MEMBERED  HETEROCYCLIC 

COMPOUNDS 

* 

Heterocyclic  compounds  with  four  members  in  their  rings  are  of  little  importance 
and  will  be  treated  briefly. 

I.  FOUR-MEMBERED  RINGS  WITH  ONE  HETERO 

ATOM 

/CH2x 

The  homologue  of  ethylene  oxide  is  trimethylene  oxide,  oxetane,  CH2<(  >0 

XCH/ 

(Vol.  I,  p.  368),  of  which  little  is  known.  The  inner  anhydrides  of  /3-hydroxy  - 

:C— CO 

carboxylic  acids,  or  /3-lactones,  of  the  formula  |  ^  (Vol.  I,  pp.  422,  615, 

and  Vol.  Ill,  p.  418)  also  belong  in  this  group. 

/CH2X 

Trimethylenimine,  azetidine,  CH2C  >NH  (Vol.  I,  p.  386),  is  prepared, 

X)H/ 

together  with  3-methylpyridine,  by  heating  trimethylenediamine ;  see  Kohn, 
Morgenstern,  Mo.  28,  479. 


II.  FOUR-MEMBERED  RINGS  WITH  TWO  HETERO 

ATOMS 


/ 

1.  Of  the  heterocyclic  compounds  whose  four-membered  rings  contain  two 
hetero  atoms  adjacent  to  one  another,  the  most  important  are  the  cyclic  am¬ 
monium  salts,  or  betaines  (Vol.  I,  pp.  380,  442).  All  carboxylic  acids  with  a 
group  similar  to  ammonium  hydroxide  in  the  a-position  form  betaines.  Betaine, 
(CH3)3N— CH2 


is  prepared  from  trimethylglycine  chloride,  C1N(CH3)3-- 


(C5H6)N— ch2 

,  from 

0— ( 


-CO 


1  -carboxymethylpyri 


CHa-COOH,  pyridinium  betaine. 
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dinium  chloride,  C1N(C6H6)CH2C00H,  triphenylphosphonium  betaine, 

(C6Hb)3P— ch2 

,  from  carboxymethyltriphenylphosphonium  chloride,  ClP(Ce- 

O— CO 

H5)3CH2COOH,  ( Michaelis ,  Gimborn,  Ber.  27,  273),  and  methylethylthetin, 

(CH3)  (C2H5)S— ch2 

,  from  the  reaction  product  of  methyl  ethyl  sulfide  with 

O— CO 

bromoacetic  acid,  BrS(CH3)  (C2H5)CH2COOH,  (Vol.  I,  p.  430). 

Four-membered  rings  with  two  adjacent  nitrogen  atoms  occur  in  dimethyl- 

N=C(CH3) 

aziethane,  |  |  ,  (Vol.  I,  p.  408),  which  is  prepared  from  equimolecular 

N=C(CH3) 

quantities  of  hydrazine  hydrate  and  biacetyl,  and  probably  also  in  hydrazulmine 
and  azulmic  acid  (Vol.  I,  p.  541),  formed  from  ammonia  and  cyanogen. 

2.  Rings  with  alternate  carbon  and  hetero  atoms  occur  in  the  cyclic  alkylidene-, 
carbonyl-,  and  thiocarbonylureas,  thioureas  and  pseudothioureas.  Methylene- 

/NH\ 

urea,  2-uretidone,  CO<  >CH2,  (Vol.  I,  p.  497),  and  methylenethiourea, 

XNH/ 

/NH\ 

2-thiouretidone,  CS<  >CH2,  are  formed  from  urea  and  thiourea  with  chloro- 

XNH/ 

methanol  ( Hemmehnayr ,  Mo.  12,  90).  Ethyleneurea,  2-imidazolidone,  and 
ethylenethiourea,.  2-thioimidazolidone,  are  prepared  in  the  same  way  with  acet¬ 
aldehyde;  the  2-anil  of  3-phenyl-l,3-thiazetidine,  methylenediphenylpseudo- 

thiourea,  C6H5N :  C<(  >CH2,  is  prepared  from  diphenylthiourea  and  CH2I2 

\n(c6h  y 

-S- 

and  the  4-oxo  derivative,  carbonylthiocarbanilide,  CeH5N:C 


Vo, 

.N(C6H6)/ 

m.p.  87°,  from  diphenylthiourea  and  COCl2,  and  also  by  desulfurization  of  the  4- 

/ - S— X 

thio  analogue,  thiocarbonylthiocarbanilide,  C6H5N:C<(  >CS,  m.p.  79°, 


'N(C6H5K 

produced  by  the  action  of  CSC12  on  diphenylthiourea  {Freund,  Wolf,  Ber.  25, 
1459). 


C.  FIVE-MEMBERED  HETEROCYCLIC 

COMPOUNDS 

I.  FIVE-MEMBERED  RINGS  WITH  ONE  HETERO 

ATOM 

FURAN,  THIOPHENE  (SELENOPHENE),  PYRROLE 

Compounds  of  the  furan,  thiophene,  and  pyrrole  groups,  which  are 
closely  related  to  one  another  in  methods  of  formation  and  chemical 
behavior,  have  a  basic  ring  structure  consisting  of  a  chain  of  four  CH- 
groups  closed  to  a  ring  by  O,  S,  or  NH : 

CH=CHV  CH=CH\  CH=CHv 

I  >0  I  >s  |  >NH 

CH=CH//  CH=CH/  CH=CH/ 

Furan  Thiophene  Pyrrole 
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The  parent  compounds  and  their  numerous  derivatives,  especially 
the  thiophenes,  show  a  great  similarity  to  benzene  and  its  derivatives. 
Many  reactions  are  common  to  the  two  types  of  compounds. 

Blue-violet  and  violet-red  dyes  are  formed  by  the  action  of  isatin 
and  phenanthraquinone  with  sulfuric  acid  on  furan,  pyrrole,  and 
thiophene  compounds. 

The  formation  of  furan,  thiophene,  and  pyrrole  derivatives  from 
7-diketones  is  mentioned  in  connection  with  the  latter  in  the  first 
volume  (Vol.  I,  p.  404).  y-Diketones  yield  furans  by  elimination  of 
water,  thiophenes  by  reaction  with  phosphorus  pentasulfide,  and 
pyrroles  by  reaction  with  ammonia  or  primary  amines : 


CH2— coch3 
djH3— COCH, 
Acetonylacetone 


"CH=C(OH)CH3"| 

CH=C(OH)ChJ 


— h,0  CH=C 


P2S6 


NHa 


o 


-CH, 


CH=C- - CH, 

Dimethylfuran 

-CH, 


CH=C\ — 

I  > 

CH=C— - CH, 

Dimethylthiophene 


ch=c. 


-ch3 


\nh 
CH=C— — ch3 

Dimethylpyrrole 


In  these  reactions  the  7-diketones  behave  as  7-dialkenyl  glycols;  furans,  thio¬ 
phenes,  and  pyrroles  may  be  considered  as  the  cyclic  anhydrides,  sulfides  and 
imines  of  such  glycols.  Furans,  thiophenes,  and  pyrroles  are  also  obtained  by 
distillation  of  mucic  and  isosaccharic  acids,  alone  or  with  barium  sulfide,  or  by 
distillation  of  the  ammonium  salts  of  these  acids. 

The  syntheses  described  above  are  in  accord  with  the  accepted  structural 
formulas  for  these  compounds.  Their  peculiar  aromatic  character  is  explainable 
by  the  assumption,  based  on  an  adaptation  of  Thiele’s  theory  of  the  structure  of 
the  benzene  nucleus,  “that  in  these  five-membered  rings  the  sulfur,  nitrogen,  or 
oxygen  atom  can  partake  to  some  extent  in  a  double  bond  by  the  activity  of  its 
next  higher  valency’’  ( Ciamician ,  Ber.  37,  4254;  Gazz.  35,  II,  384).  This  con¬ 
cept  is  also  implied  in  the  formulas  which  Steinkopf  proposes  for  the  ring  systems 
( Steinkopf ,  Otto,  Ann.  424  61;  Steinkopf,  Ann.  430,  78) : 


Furan  Thiophene  Benzene  (Thiele) 


To  distinguish  among  the  possible  isomeric  derivatives  of  furan,  thiophene  and 
pyrrole,  positions  in  the  ring  are  designated  by  numbers,  which  replace  the 
symbols  used  in  the  older  literature : 


13]  [2] 

CH=CHV 

I  >0  [1] 

CH=CH/ 

[4]  [5] 


8  cl 

CH=CH 

I 

CH=CH 

8'  cl' 


Positions  2  and  5  are  equivalent,  and  also  positions  3  and  4.  The  former  are  the 
a-positions,  and  the  latter,  the  .^-positions.  There  are  two  possible  monosub- 
stituted  isomers:  2(5)-  and  3(4)-.  In  the  disubstituted  derivatives,  four  isomers 
are  possible:  2,5(a,a')-,  2,3 (a,/3)-,  2,4(a,/3')-,  and  3,4(0,/3')-. 
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1.  FUR  AN  GROUP 

This  ring  system  was  termed  furan  (formerly  furfuran)  because 
one  of  its  important  derivatives  is  obtained  from  bran  (Latin  furfur) 
by  heating  with  hydrochloric  acid. 

Furan,  C4H40,  b.p.  32°,  was  first  prepared  by  distillation  of 
barium  pyromucate  (p.  20)  ( Limpricht ,  1870).  It  is  present  in  the 
distillation  products  of  pine  wood.  It  is  a  liquid,  insoluble  in  water, 
and  has  an  odor  like  chloroform.  Furan  is  reduced  by  passing  its 
vapor  mixed  with  hydrogen  over  finely  divided  nickel  at  170°;  the 
product  is  tetrahydrofuran  [Bourguignon,  Bull.soc.chim. Belgique  22 
(1908),  87].  With  isatin  and  phenanthraquinone  it  forms  dyes.  It 
reacts  violently  with  hydrochloric  acid  and  forms  a  black  polymeriza¬ 
tion  product.  A  pine  shaving  moistened  with  hydrochloric  acid  is 
colored  green  by  furan  vapor.  Hydrochloric  acid  in  methyl  alcohol 
converts  furan  to  the  tetramethyl  acetal  of  succinaldehyde  [ Harries , 
Chem.-Ztg.  24  (1900),  857 ].  Furan  reacts  with  an  aqueous  solution  of 
mercury  acetate  to  form  the  tetraacetate  of  tetrahydroxymercuri- 
furan,  C40(HgC2H302)4,  dec.  228°  ( Cuisa ,  Grillo,  Gazz.  57,  323). 
Its  behavior  in  this  reaction  is  analogous  to  that  of  thiophene  and 
pyrrole.  Spectra  of  the  furans:  v.  Auwers,  Ann.  422,  133. 

2-Methylfuran,  b.p.  42°,  is  identical  with  sylvan,  which  is  found  in  pine  tar, 
with  other  furan  derivatives,  and  in  the  creosote  from  beechwood  tar.  When  the 
ring  is  opened  with  hydrochloric  acid,  levulinaldehyde,  CH3COCH2CH2CHO,  is 
formed  ( Harries ,  Ber.  31,  37).  2,5-Dimethylfuran,  b.p.  94°,  is  prepared  by 
decarboxylation  of  2,5-dimethylfuran-3,4-dicarboxylic  acid  (p.  21)  by  distilla¬ 
tion,  and  by  the  ring  closure  of  acetonylacetone  with  dehydrating  agents  (p.  15). 
Hydrochloric  acid  at  170°  reconverts  it  to  acetonylacetone. 

5-Phenyl-2-methylfuran,  m.p.  42°,  b.p.  235-240°,  is  prepared  from  aceto- 
phenoneacetone  (Pa al,  Ber.  17,  915,  2759) .  Sodium  and  alcohol  reduce  it  to  a 
tetrahydro  compound.  2,5-Diphenylfuran,  m.p.  91°,  from  diphenacyl  ( Perkin , 
Schlosser,  J.  57,  944;  Engler,  Dengler,  Ber.  26,  1447).  2,3,5-Triphenylfuran, 
m.p.  93°,  from  desylacetophenone  (Japp,  Klingemann,  Ber.  21,  2933;  Smith, 
Ber.  26,  61).  Tetraphenylfuran,  lepidene ,  m.p.  175°,  is  formed,  together  with 
benzil,  when  benzoin  is  heated  with  hydrochloric  acid  at  130°  (Japp,  Klingemann , 
Ber.  22,  2880). 

s-Difurylethylene,  C4H30CH:CH-C4H30,  m.p,  101°,  analogous  to  stilbene, 
is  prepared  by  heating  polymeric  thiofurfural  (Baumann,  Fromm,  Ber.  24,  3591) . 

Furfuryl  alcohol,  2-furanmethanol,  C4H30(CH2*0H),  colorless  oil,  b.p.  171°, 
b.p.  69 °  (10  mm.) ,  very  soluble  in  water,  resinifies  quickly  in  aqueous  and  in  acid 
solution.  A  pine  shaving  moistened  with  hydrochloric  acid  is  colored  blue-green. 
It  is  prepared  by  the  reduction  of  2-furaldehyde  with  sodium  amalgam  and  acetic 
acid,  or  catalytically  with  platinum  oxide  (Kaufmann,  Adams,  Am.  45,  3029)  or 
biologically  with  yeast  (Lintner,  Z. physiol. Chem.  72,  450;  88,  109).  Both 

furfuryl  alcohol  and  2-furoic  acid  are  produced  by  the  action  of  sodium  hydroxide 
on  2-furaldehyde: 

2C4H30  •  CHO  4-  H20  =  C4H30-CH2(0H)  +  C4H30-C00H. 

Furfuryl  alcohol  is  present  in  considerable  quantities  in  oil  from  roasted  coffee. 
Diphenylcarbamic  acid  ester,  C4H3O[CH2OCON(C0H6)2] ,  m.p.  98°  (Erdmann, 
Ber.  35,  1846,  1855).  Methyl  ether,  (C4H30) -CH2-0-CH3,  b.p.  134-134° 
(v.  Wissell,  Tollens,  Ann.  272,  291).  Furfuryl  alcohol  is  opened  by  hydrochloric 
acid  in  methyl  alcohol  to  the  dimethyl  acetal  of  5-methoxylevulinaldehyde,  which 
is  converted  to  levulinic  acid  by  boiling  with  aqueous  hydrochloric  acid  (Pum- 
merer,  Gump,  Ber.  56,  999;  Vol.  I,  p.  477). 

a-Propylfurfuryl  alcohol,  (C4H30)CH(0H) -C3H7,  b.p.  93°  (12  mm.),  is  pre- 
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pared  from  2-furaldehyde  and  propylmagnesium  bromide  ( Jolkver ,  Rec.  28,  439) ; 
2-furoic  acid  (p.  20)  and  dehydromucic  acid  (p.  20)  react  with  alkylmagnesium 
halides  to  form  tertiary  2-furanmethanols,  (C4H30)C(0H)R2,  and  2,5-furandi- 
methanols,  (C4H20)  [C(OH)R2]2  {Hale,  McNally,  Pater,  Am.Chem.J.  35,  68). 

Halogen-,  Nitro-  and  Aminofurans 

Bromofuran  can  be  obtained  from  brominated  2-furoic  acid,  and  also  directly 
by  bromination  of  furan;  with  excess  bromine  it  forms  addition  products.  Di- 
iodofuran,  m.p.  47°,  from  potassium  dehydro-2-furoate  with  iodine  at  100° 
{Hill,  Am.Chem.J.  25,  (1901),  439).  Tetraiodofuran,  m.p.  165°  {Cuisa,  Grille, 
Gazz.  57,  323). 

3(?)-Nitrofuran,  m.p.  28°,  volatile  with  steam,  is  prepared  by  the  nitration  of 
furan  with  fuming  nitric  acid  in  acetic  anhydride;  an  aldehyde  (nitrosuccinalde- 
hyde  ?)  is  formed  as  an  intermediate  product  {Marquis,  C.r.  134,  776).  A  di- 
nitrofuran,  m.p.  101°,  results  from  nitration  of  nitrofuran  or  nitro-2-furoic  acid. 

2-Aminofuran  is  obtained  in  the  form  of  its  urethans  C4H30[2]NH COOR  by 
boiling  furoic  acid  azide  (p.  20)  with  alcohols;  3-aminofuran  is  obtained  in  the 
form  of  its  acetyl  derivative,  m.p.  112°,  by  decarboxylation  of  acetamino-2- 
furoic  acid.  The  free  amines  cannot  be  prepared  from  these  derivatives  because 
NH3  is  split  off  during  saponification  {Leimbach,  J.pr.  65,  38;  Marquis,  C.r. 
136,  1454). 

2-Furanmethylamine,  (C4H30)CH2NH2,  b.p.  146°,  is  prepared  by  reduction  of 
furonitrile  (p.  20)  and  of  the  phenyl hydrazone  of  2-furaldehyde.  2-Furanethyl- 
amine,  b.p.  159°,  from  /3-2-furanpropionic  acid  by  the  Curtius  reaction  {Windaus, 
Dalmer,  Ber.  53,  2304). 


Aldehydes 

FURFURAL,  2-furaldehyde,  C4H3OCHO,  m.p.  — 38.7°  (Timmer¬ 
mans,  Bull. soc.chim. Belgique  31,  389),  b.p.  162°,  d13-5  1.163,  is  pre¬ 
pared  by  distillation  of  bran  ( furfur )  ( Fownes ,  1849),  sugars,  espe¬ 
cially  the  pentoses  ( Dobereiner ,  1831),  or  wood  with  dilute  sulfuric 
acid.  It  can  be  detected  even  in  minute  amount  by  the  red  colora¬ 
tion  given  with  aniline  or  xylidine  (Schiff,  Ber.  20,  541;  see  also 
p.  19). 

Furfural  is  produced  quantitatively  by  the  distillation  of  pentoses,  such  as 
arabinose,  with  hydrochloric  acid.  Its  condensation  product  with  phloroglucinol 
is  used  for  the  quantitative  estimation  of  the  aldehyde.  This  is  the  basis  for  various 
analytical  methods  for  the  estimation  of  pentoses  and  pentosans  [Vol.  I,  p.  672; 
Steinberger,  Pharm.Weekblad  55,  782;  Gierisch,  Cellulosechemie  6  (1925),  61]. 
Glucuronic  acid  and  galacturonic  acid  {Dore,  Am.  48,  232)  decompose  when 
heated  with  hydrochloric  acid  into  furfural,  water,  and  carbon  dioxide  {Mann, 
Tollens,  Ann.  290,  155). 

Furfural  is  a  colorless  liquid  with  an  aromatic  odor,  which  turns  brown  on  ex¬ 
posure  to  air.  It  is  moderately  soluble  in  water  and  very  soluble  in  alcohol.  It 
has  all  the  properties  of  an  aromatic  aldehyde:  it  combines  with  bisulfites,  it  is 
reducedfby  sodium  amalgam  to  furfuryl  alcohol,  it  is  oxidized  by  silver  oxide  to 
2-furoic  acid,  it  is  converted  by  potassium  hydroxide  to  the  alcohol  and  the  acid, 
and  it  reacts  with  alcoholic  KCN  solution  to  form  furoin  (page  18)  and  with 
ammonia  to  form  hydrofuramide  (N,N '-di-2-furfurylidene-2-furfurylidenedi- 
amine),  which  corresponds  to  hydrobenzamide  of  the  benzene  series.  Hydrogen 
peroxide  or  permonosulfuric  acid  oxidizes  it  to  hydroxyfurfural,  C4H20(0H)- 
(CHO),  which  gives  characteristic  color  reactions  with  phenols  {Cross,  Bevan, 
Briggs,  Ber.  33,  3132).  Furfural  is  eliminated  from  animal  organisms  as  N-2- 
furoylglycine,  pyromycuric  acid,  C4H3O  CO-NH -CH2-COOH,  m.p.  165°;  in 
this  also  it  is  analogous  to  benzaldehyde. 

Furfuraldoxime,  m.p.  (a)  75°,  (j 8)  91°  {Brady,  Goldstein,  J.  1927,  1959). 
Phenylhydrazone,  m.p.  96°.  Acetal,  C4H30  •CH(OC2PI5)2,  b.p.  187-190°  {Claisen 
Ber.  29,  1008). 
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Furfural  manifests  all  the  condensation  reactions  of  benzaldehyde .  ( 1 )  With 

climethylaniline  it  forms  a  green  dyestuff,  corresponding  to  malachite  green  (Vol. 
Ill,  p.  532)  ( Fischer ,  Ann.  206,  141;  Fischer,  Grahl,  J.pr.  100,  159).  (2)  It 

condenses  with  aliphatic  aldehydes  (compare  Lindauer,  Mo.  21,  72)  and  ketones; 
the  products  are  furaldehydes  and  ketones  unsaturated  in  the  side-chain.  The 
reaction  takes  place  readily  in  warm  dilute  sodium  hydroxide  solution  ( Schmidt , 
Ber.  13,  2342).  With  acetaldehyde  /3-2-furanacrolein,  C4H3OCH:CH-CHO, 
m.p.  51°,  is  obtained,  with  acetone,  furfurylideneacetone,  C4H30  •  CH :  CLI  •  CO  •  - 
CH3,  and  with  acetophenone,  furfurylidenemono-  and  diacetophenone  and  di- 
furfurylidenetriacetophenone  ( Kostanecki ,  Podrajansky,  Ber.  29,  2248).  ( 3 ) 

As  benzoin  (Vol.  Ill,  p.  564)  is  formed  from  benzaldehyde,  so  furfural  is  converted 
by  potassium  cyanide  to  furoin: 

2C4H30  •  CHO  =  C4H30  •  CH(OH)  CO  •  C4H30 

m.p.  135°.  In  alkaline  solution  furoin  is  oxidized  by  the  oxygen  of  the  air  to 
furil,  di-2-furylglyoxdl,  (C4H30)C0-C0(C4H30),  m.p.  164°  (a-dioxime,  m.p. 
168°,  with  dec.) .  Like  its  prototype  benzil  (Vol.  Ill,  p.  565),  furil  is  reduced  by 
tin  and  hydrochloric  acid  to  desoxyfuroin,  (C4H30)CH2-C0(C4H30) .  Warm 
potassium  hydroxide  converts  furil  to  furilic  acid,  di-2-furylglycolic  acid,  (C4H30)2- 
C(OH)  -COOH,  analogous  to  benzilic  acid  (Vol.  Ill,  p.  556). 

( 4 )  Furfural  condenses  with  the  anhydrides  and  sodium  salts  of  fatty  acids 
on  heating  ( cf .  the  Perkin  reaction,  Vol.  Ill,  p.  268)  to  give  acids  of  furan  with 
unsaturated  side-chains.  Furfural  with  acetic  anhydride  and  sodium  acetate 
forms  /3-2-furanacrylic  acid: 

C4H30-CH0  +  CH3-COONa  =  C4H30  •  CH :  CH  •  COONa  +  H20 

/3-2-Furanacrylic  acid,  C7H603,  m.p.  141°,  is  also  obtained  from  2 -furfur ylidene- 
malonic  acid,  the  condensation  product  of  furfural  and  malonic  ester  [Dutt, 
Quart. J.IndianChem.Soc.  1,  (1925),  297].  Like  cinnamic  acid,  0-2-furanacrylic 
acid  exists  in  two  stereoisomeric  modifications  ( Liebermann ,  Ber.  28,  129).  On 
heating  in  hydrochloric  acid  it  is  opened  to  acetonediacetic  acid  (Vol.  I,  p.  625). 
Sodium  amalgam  reduces  it  to  /3-2-furanpropionic  acid  (I),  C4H30  •  CH2  •  CH2  • - 
COOH,  m.p.  51°,  which  is  converted  by  bromine  water  to  furonaldehyde  (II), 
which  can  be  reduced  stepwise  to  furonic  acid  (III),  hydrofuronic  acid  (acetone¬ 
diacetic  acid)  (IV) ,  and  pimelic  acid  (V) : 

(I)  (II)  (III) 

CH=CH  CH  •  CHO  CH-COOH 

I  >0  - >  ||  - - >  || 

CH=C — CH2  •  CH2  •  C02H  CH  •  CO  •  CII2  •  CH2  •  C02H  CH-C0-CH2-CH2-C02H 


(V)  (IV) 

ch2cooh  ch2-cooh 

I  < -  I  < — 

CH2  •  CHo  •  CH2  •  CII2  •  C02li  CH2  •  CO  •  CH2 .  CII2  •  COoH 

This  conversion  of  furfural  to  pimelic  acid  is  proof  that  the  aldehyde  group  is 
in  the  2-position.  For  other  reactions  of  this  type,  see  Kehrcr,  Igler,  Ber.  32, 
LI  76. 

tt-2-Furfurylidenebutyric  acid ,  furylangelic  acid,  C4H30-CH:C-  (CH2-CH3)  •- 
COOH,  m.p.  88°  (ozonide  splitting:  Carter,  Am.  50,  2299)  results  from  the  con¬ 
densation  of  furfural  with  butyric  acid;  it  is  reduced  by  sodium  amalgam  to 
<x -furf urylbutyric  acid,  furylvaleric  acid.  Furfuryl  condenses  with  levulinic  acid 
to  5-  or  /3-furfurylidenelevulinic  acid,  C4H3OCH:CHCO-CH2-CH2-COOH, 
or  C4H30  •  CH :  C (COCH 3)  •  CH2  •  COOH ;  the  former  is  formed  in  an  acid  medium 
and  the  latter  in  an  alkaline  one.  The  latter  acid  is  easily  converted  to  6-acetyl  - 
4 -hydroxy benzofuran  (p.  52) .  Furfural  and  succinic  acid  form  various  condensa¬ 
tion  products,  according  to  the  conditions  of  the  reaction :  2-furfurylidenesuccinic 
acid,  (C4H30)CII : C(C02H)  -CH2C02H,  s-di-2-furfurylidenesuccinic  acid,  (C4H3- 
0)CH:C(C02H)  -C(C02H)  :CH(C4H30),  and  «,d-di-2-furfurylidenepropionic 
acid,  (C4H30) CH :  CH  •  C (C02H) :  CH (C4H30)  (Fichter,  Scheuermann,  Ber.  34, 
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1626;  Titherly,  Spencer,  J.  85,  183).  A  yellow  condensation  product  is  obtained 
from  furfural  and  1,3-dimethylbarbituric  acid,  m.p.  195°  [Akabori,  Proc.Imp. 
Acad.Tokio  3  (1927),  342]. 

(5)  Furfural  reacts  with  aqueous  ammonia  to  form  hydrofuramide,  N,N'-di- 
2-furfurylidene-2-furfurylidenediamine,  (C5H40)3N2,  m.p.  117°.  This  com¬ 
pound,  which  is  analogous  to  hydrobenzamide  (Vol.  Ill,  p.  272),  is  decomposed 
into  the  aldehyde  and  ammonia  by  boiling  in  water;  boiling  potassium  hydroxide 
solution  rearranges  it  to  the  isomeric  furfurin,  m.p.  116°  (cf.  glyoxalines) . 

( 6 )  Primary  aromatic  amines  condense  with  furfural  to  form  -furfurylidene- 
anilines,  but  amine  salts  ( Schiff ,  Ann.  201,  355;  239,  374)  attack  the  furan  ring, 
forming  highly  colored  arylamine  derivatives  of  /3-hyclroxyglutaconaldehyde, 
whose  hydrochlorides,  on  boiling  with  alcohol,  split  off  one  molecule  of  arylamine 
and  condense  to  colorless  N-aryl-/3-hydroxypyridinium  salts  ( Dieckmann ,  Beck, 
Ber.  38,  4122) : 

CH :  C— CHO  CH :  C(OH)  •  CH :  NC6H5  •  HC1  CH :  C(OH)  •  CH 

I  X>  - ->  I  - >  I  II 

CH:CH  CH:CH.NHC6H5  ■  CH :  CH— N(C6H5)C1 


Furfural  gives  color  reactions  with  2-naphthol  and  concentrated  sulfuric  acid 
(blue)  [Thomas,  Berariu,  C.r.  soc.biol.  91  (1924),  1470],  and  with  orcin  in  the 
presence  of  hydrochloric  acid  (blue,  soluble  in  amyl  alcohol)  ( Fleury ,  Poirot, 
J.pharm.chim.  [7]  26,  87). 

5-Methylfurfural,  C4H2(CH3)0-CH0,  b.p.  184-186°,  occurs  together  with 
furfural  in  wood  oil  {Hill,  Ber.  22,  608)  and  in  clove  oil  ( Masson ,  C.r.  149,  795), 
and  is  present  in  the  oil  obtained  by  distillation  of  varec  with  sulfuric  acid.  It  is 
obtained  by  distillation  of  rhamnose  (Vol.  I,  p.  675)  with  sulfuric  acid,  just  as 
furfural  is  obtained  from  arabinose  {Maquenne,  C.r.  109,  603). 

5-Hydroxymethylfurfural,  (C4H20)  (CH2OH)CHO,  m.p.  35°,  b.p.  70°  (0.002 
mm.)  (formula:  van  Ekenstein,  Blanksma,  Ber.  43,  2355),  is  produced  in  the  dry 
distillation  of  cellulose  and  by  heating  hexoses  with  aqueous  oxalic  acid  under 
pressure  [Dull,  Chbm.-Ztg.  19  (1895),  216;  Kiermayer,  ibid.  19  (1895),  1003; 
Middendorp,  Rec.  38,  1] .  It  is  decomposed  by  hydrochloric  acid  into  formic  acid 
and  levulinic  acid.  Phenylhydrazone :  m.p.  141°.  Semicarbazone :  m.p.  194°. 
It  undergoes  several  characteristic  color  and  condensation  reactions.  Condensa¬ 
tion  product  with  1,3-dimethylbarbituric  acid:  yellow  leaflets,  m.p.  182°  [Aka¬ 
bori,  Proc.Imp. Acad. Tokyo  3  (1927),  342].  Color  reaction  with  barbituric  acid 
and  aniline:  sensitive  to  one  part  in  one  million.  Quantitative  determination  of 
5-hydroxymethylfurfural :  gravimetric,  colorimetric,  titrimetric  {Troje,  Z.Ver. 
deut.Zucker-Ind.  1925,  635).  Because  of  its  relation  to  the  hexoses  it  is  used  in 
certain  tests  in  food  chemistry :  the  Selivanov  reaction  for  the  detection  of  hexoses, 
the  Fiehe  reaction  for  the  differentiation  of  artificial  and  natural  honey  {Troje, 
Z.Ver. deut.Zucker-Ind.  1925,  635),  the  Baudouin  reaction  for  the  differentiation 
of  butter  and  margerine  {van  Ekenstein,  Blanksma,  Ber.  43,  2355). 

The  corresponding  halogen  derivatives,  5 -chloromethylfurf ural  and  5-bromo- 
methylfurfural,  (C4H20)  (CH2Br)CHO,  m.p.  60°,  are  prepared  by  the  action  of 
HC1  and  HBr  on  ketoses  or  cellulose  {Fenton,  Ber.  43,  2795). 

Ketones 

2-Acetylfuran,  2 -furyl  methyl  ketone,  m.p.  33°,  b.p.  67°  (10  mm.),  occurs  in 
wood  tar  and  is  synthesized  from  ethyl  furoylacetate,  C4H30(C0CH2C02C2H5) , 
b.p.  143°  (10  mm.),  which  is  the  condensation  product  of  pyromucic  acid  ester 
and  acetic  ester  {Torrey,  Zanetti,  Am.Chem.J.  44,  391;  Zanetti,  Beckmann,  Am. 
50,  1438).  2-Furylacetone,  (C4H30)CH2C0CH3,  b.p.  180°  {Darzens,  C.r.  142, 
214).  2-Benzoylfuran,  C4H30(C0C6H5) ,  b.p.  164°  (19  mm.),  is  prepared  from 
pyromucic  acid  chloride,  benzene,  and  aluminum  chloride  {Marquis,  Bull. 
[Ill]  23,  32).  2,5-Dibenzoylfuran,  C4H20(C0C6H5)2,  m.p.  107°,  from  dehydro- 
mucic  acid  chloride  (see  below),  benzene  and  aluminum  chloride.  2-Phenyl -5- 
methyl-3-acetylfuran,  m.p.  57°,  from  phenacyldiacetylmethane  {March,  C.r. 
134,843). 
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Carboxylic  Acids 

A  general  synthesis  for  furancarboxylic  acids,  adapted  from  pyrrole 
chemistry,  consists  in  the  action  of  as-dichloro  ethers  on  /3-ketonic 
acid  esters  {Fajita,  J.Pharm.Soc. Japan  1925,  #519,  4). 

2-FUROIC  ACID,  pyromucic  acid,  m.p.  134°  with  sublimation,  is 
prepared  by  the  oxidation  of  furfural  and  by  the  distillation  of  mucic 
acid  or  isosaccharic  acid. 

History. — Scheele,  in  1780,  observed  pyromucic  acid  as  a  product  of  the  dis¬ 
tillation  of  mucic  acid.  Pelouze,  in  1834,  determined  its  composition,  and  in  1877 
v.  Baeyer  established  its  constitutional  formula. 

Ethyl  ester,  m.p.  34°,  b.p.  210°.  Chloride,  b.p.  170°  (Baum,  Ber.  37,  2951). 
Amide,  m.p.  142°,  is  converted  by  PC13  to  furonitrile,  which  is  also  produced  from 
furaldoxime  by  loss  of  water  [Yamaguchi,  Bull. Chem.Soc. Japan  1  (1926),  35], 
Anhydride,  m.p.  73°  (Baum,  Ber.  34,  2505).  Hydrazide,  m.p.  80°.  Azide,  m.p. 
62°  (Leimbach,  J.pr.  65,  20). 

Bromine  vapor  converts  2-furoic  acid  to  a  tetrabromide,  C4H3Br40  -COOH, 
which  is  oxidized  by  chromic  acid  to  dibromosuccinic  acid.  Evaporation  of  2- 
furoic  acid  with  bromine  water  yields  fumaric  acid;  if  an  excess  of  bromine  or 
chlorine  water  is  present,  mucobromic  or  mucochloric  acid  (Vol.  I,  p.  457)  is 
formed.  Heating  the  tetrabromide  or  brominating  2-furoic  acid  in  glacial  acetic 
acid  results  in  the  formation  of  5 -bromo -2-furoic  acid,  C4H2BrO -COOH,  m.p. 
184°  (Hill,  Sanger,  Ann.  232,  42).  3 -Bromo -2-furoic  acid,  m.p.  129°,  is  obtained 

from  two  dibromo-2-furoic  acids  (Hill,  Sanger,  Ber.  17,  1759)  by  treatment  with 
zinc.  2-Furoic  acid  is  eliminated  from  the  human  body  as  pyromycuric  acid,  N-2- 
furoylglycine,  C4H3OCONH-CH2COOH,  m.p.  165°  (Schlempp,  Z. physiol. 
Chem.  117,  368). 

2.5- Furandicarboxylic  acid,  dehydromucic  acid,  C4H20- (C02H)2,  is  prepared 
by  heating  mucic  acid  or  saccharic  acid  with  hydrochloric  acid,  concentrated 
hydrobromic  acid,  or  concentrated  sulfuric  acid.  It  is  sparingly  soluble  in  water. 
It  decomposes  on  heating  into  carbon  dioxide  and  2-furoic  acid.  The  esters  are  all 
solid,  and  show  interesting  melting  point  regularities.  Dimethyl  ester,  m.p. 
112°,  b.p.  155°  (15  mm.).  Diethyl  ester,  m.p.  47°,  b.p.  168°  (15  mm.).  Chlo¬ 
ride,  m.p.  80°.  Unlike  2-furoic  acid,  2,5-furandicarboxylic  acid  is  readily  re¬ 
duced  by  sodium  amalgam  to  a  dihydro  acid  [Hill,  Am. Chem. J.  25  439;  Yoder, 
Tollens,  Ber.  34,  3446].  2,4-Furandicarboxylic  acid,  m.p.  266°,  is  produced 
by  the  action  of  potassium  hydroxide  on  the  esters  of  3-bromocoumalic  acid 
(Feist,  Ber.  34,  1992) : 

CH— O— CO  koh  CH— O— C-COOH 

II  I  - >  II  II 

R02C  •  C— CH=CBr  H02C  •  C - CH 

Dimethyl  ester,  m.p.  110°. 

Homologous  furancarboxylic  acids  are  synthesized  from  y-dioxocarboxylic 
acids  by  loss  of  water.  5-Methyl -2-furoic  acid,  m.p.  109°,  is  prepared  by  oxida¬ 
tion  of  methylfuraldehyde;  its  chloride,  m.p.  28°,  b.p.  202°,  is  brominated  in  the 
side-chain,  and  yields  a  dibromo  product  which  can  be  hydrolyzed  to  5-formyl -2- 
furoic  acid,  C4H20(C00H)  (CHO)  +  H20,  m.p.  202°.  On  oxidation  the  latter 
is  converted  to  2,5-furandicarboxylic  acid  (Hill,  Sawyer,  Am.Chem.J.  20,  169). 
Bromine  water  attacks  the  ring  of  methylfuroic  acid,  producing  acetylacrylic 
acid,  CH3COCH:CH-COOH  (Hill,  Hendrixson,  Ber.  23,  452). 

2.5- DIMETHYL-3-FUROIC  ACID,  pyrotritaric  acid,  uvinic  acid,  m.p.  135°, 
is  prepared  ( 1 )  from  the  ester  of  acetonylacetoacetic  acid  (Vol.  I,  p.  603),  (2) 
from  2,5-dimethylfuran-3,4-dicarboxylic  acid  and  2-methyl-5-carboxymethyl-3- 
furoic  acid  (see  below)  by  decarboxylation,  (8)  from  tartaric  acid  by  dry  distilla¬ 
tion,  and  (4)  from  pyruvic  acid  by  boiling  with  aqueous  barium  hydroxide  or 
sodium  acetate  for  a  long  time  (besides  uvitinic  acid) .  Heating  in  water  at 
150-160°  decomposes  it  to  carbon  dioxide  and  acetonylacetone;  rapid  heating 
by  itself  converts  it  to  dimethylfuran  (p.  16) . 
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2. 4- Dimethyl -3 -furoic  acid,  m.p.  122°,  is  prepared  ( 1 )  from  bromodimethyl- 
coumalic  acid,  instead  of  the  expected  2,4-dimethylfuran-3,5-dicarboxylic  acid, 
(2)  from  acetoacetic  ester  by  condensation  with  chloroacetone,  and  ( 3 )  from  the 
condensation  product  of  /3-oxoglutaric  acid  and  chloroacetone,  2-carboxymethyl- 
4-methyl -3 -furoic  acid,  C4HO(CH3)  (CH2-C02H)(C02H),  m.p.  196°,  by  de¬ 
carboxylation  (Feist,  Ber.  35,  1545).  The  latter  acid  is  isomeric  with  methronic 
acid  (see  below) . 

2 -Methyl -5 -phenyl -3 -furoic  acid,  m.p.  181°,  from  acetophenoneacetoacetic 
ester,  C6H5’CO-CH2-CH(C02R)COCH3,  ( Paal ,  Ber.  17,  2764),  decomposes 
on  heating  into  carbon  dioxide  and  methylphenylfuran. 

2.5- Dimethylfuran-3;4-dicarboxylic  acid,  carbopyrotritaric  acid,  m.p.  261°,  is 
obtained  from  diacetylsuccinic  acid  ester  by  boiling  with  dilute  sulfuric  acid 
( Knorr ,  Ber.  17,  2864;  22,  146).  At  elevated  temperatures  it  decomposes  into 
carbon  dioxide  and  2, 5-dimethyl -3-furoic  acid. 

2-Furylacetic  acid,  m.p.  67°  ( Runde ,  Scott,  Johnson,  Am.  52,  1287). 

The  diethylester  of  2-carboxymethyl -3 -furoic  acid  (free  acid,  m.p.  217-218°) 
is  formed  by  the  reaction  of  the  diethyl  ester  of  /3-oxoglutaric  acid  and  a,/3-di- 
chloroethyl  ethyl  ether,  which  enters  the  reaction  as  chloroacetaldehyde  (Reich- 
stein,  Zschokke,  Helv.Chim.Acta  15,  268) 


H5C2OOC-CH 


h5c2ooc-h2cc-oh 


C1CH 

+  II 

HO-CH 


H5C2OOC 

h6c2ooch2c 


o 


2 -Phenyl -3 -furoic  acid,  m.p.  163°,  is  prepared  from  the  ester  of  bcnzoylacetic 
acid  by  a  similar  reaction.’ 

5-Carboxymethyl-2-methyl-3-furoic  acid,  methronic  acid,  m.p.  204°,  is  iso¬ 
meric  with  carbopyrotritaric  acid,  and,  like  the  latter,  yields  2, 5 -dimethyl -3- 
furoic  acid  on  decarboxylation.  It  is  prepared:  ( 1 )  From  acetoacetic  ester  and 
sodium  succinate  in  the  presence  of  acetic  anhydride  ( Fittig ,  Ber.  18,  3410). 
The  reaction  can  be  formulated  in  this  way  ( Schroeter ,  Ber.  39,  2129) : 

H02C-CH2  +  C0(CH3)CH2C02R 

I  - > 

CIi2— COOH  +  CH2(C02R)C0CH3 


ho2c-c=c— ch3  +  ch3co2h 

I  >0 

HC=C— ch2co2h  +  ho-coch3 

For  another  possible  course  of  this  synthesis,  see  Trefiljev,  J.chim. Ukraine  1 
(1925),  121. 

By  a  similar  reaction  acetoacetic  ester  and  pyrotartaric  acid  form  methyl - 
methronic  acid. 

(2)  5-Carboxymethyl-2-methyl -3 -furoic  acid  is  also  formed  in  the  condensa¬ 
tion  of  acetoacetic  ester  with  glyoxal,  together  with  2-methylfurylacetic  acid 
( Polonowsky ,  Ann.  246,  1;  Knorr,  Ber.  22,  152;  Fittig,  Ann.  250,  i66). 

HYDROFURANS.  Only  a  few  hydrofuran  derivatives  have  been  obtained 
b}'  reduction  of  furans,  for  example,  tetrahydro-2-methyl-5-phenylfuran,  b.p. 
230°,  from  methylphenylfuran  (p.  16),  and  tetrahydrodiphenylfuran  (Perkin, 
Schlosser,  J.  57,  944).  a-  or  as-Dihydrofuran-2,5-dicarboxylic  acid, 

CH — CHC02H 

>0  ,  m.p.  150,  is  formed  by  the  reduction  of  2,5-furandicarboxylic 

CH— CHC02H 

acid  (p.  20)  with  sodium  amalgam  in  carbon  dioxide  at  0°;  in  alkaline  solution  it 
rearranges  to  the  (3-  or  trans -acid,  m.p.  179°.  The  latter  can  be  resolved  by  cincho¬ 
nine  into  its  optically  active  components,  m.p.  144°.  With  bromine,  both  acids 
give  dibromides,  which  are  converted  to  2-furoic  acid  by  barium  hydroxide  solu¬ 
tion.  Long  boiling  with  alkali  rearranges  both  the  a-  and  the  /3-acid  to  y-  or 

CH2— CH-COOH 

2,3 -dihydrofurandicarboxylic  acid,  I  )>0  ;  unlike  the  a-  and  /3-acids, 

CH=C  •  COOH 
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this  acid  is  further  reduced  by  sodium  amalgam  to  tetrahydrofuran-2,5-dicarbox- 
ylic  acid,  a-form,  m.p.  95°,  /3-form,  m.p.  124°  (Hill,  Am.Chem.J.  25,  439;  Hill, 
Russe,  ibid.  33,  372).. 

Dihydrofuran,  b.p.  67°,  is  synthesized  by  the  reduction  of  erythritol;  it  is 
converted  to  furan  by  PC15  ( Henninger ,  Bull.  [II]  35, 418) .  2-Methyldihydrofuran 
is  prepared  from  acetylpropyl  alcohol  (Vol.  I,  p.  395;  Lipp,  Ber.  22,  1196). 
2,5-Diphenyldihydrofuran,  m.p.  89°,  is  obtained  from  a-phenylcinnamenylacrylic 
acid  dibromide  (2, 5-diphenyl -2, 5-dibromo-3-pentenoic  acid)  with  alkali  ( Thiele , 
Rossner,  Ann.  306,  210).  Other  dihydrofuran  derivatives  have  been  synthesized 
from  a-chlorocrotonic  acid  ester  and  chlorofumaric  acid  ester  by  condensation 
with  the  sodium  derivatives  of  acetoacetic  ester  and  of  benzoylacetic  ester 
( Ruhemann ,  Wolf,  J.  69,  1383). 

ch2— CH2x 

Tetramethylene  oxide,  tetrakydrofuran,  |  NO,  and  its  derivatives  are 

CH2— ch/ 

obtained  from  1,4-glycols  or  the  corresponding  unsaturated  compounds,  by  cata¬ 
lytic  hydrogenation  (Fittig,  Ann.  303,  168;  Kariyone,  J.Pharm.Soc. Japan 
1925,  No.  515,  1;  C.  1925,  I,  2376).  The  1,4-oxide  forms  of  the  pentoses  and 
hexoses,  such  as  fructofuranose  and  glucofuranose,  are  derivatives  of  this  tetrahy- 
drofuran  (Vol.  I,  p.  693;  Goodyear,  Haworth,  J.  1927,  3136): 


/°\ 

HOHC  CH-CH2OPI 


HOIIC - CHOH 

1,4-Pentose 


/°\ 

HO/  VH 
HOH2C-|  y-CH2OH 

HOHC— CHOH 

2,5-Hexose 


CO 


ch2- 

y-Lactones,  such  as  butyrolactone,  |  bO,  and  the  anhydrides  of  the 

CH2 - CH/ 

CH2— CCk 

succinic  acid  series,  such  as  ]  bO,  are  oxo-  and  dioxotetrahydrofurans. 

CH2— CCK 

co— ch2x 

Tetronic  acid,  |  bO  (Vol.  I,  p.  599),  and  its  derivatives,  and  a-oxo- 

CH2— CCK 

CO — cox 

lactones  of  the  formula  |  bO,  which  result  from  the  condensation  of 

ch2-ch/ 

a-oxo  acids  with  aldehydes,  are  also  dioxotetrahydrofurans  ( Erlenmeyer ,  Lux, 
Ber.  31,  2218).  The  diethyl  ester  of  3,4-dioxotetrahydrofuran-2,5-dicarboxylic 

CO-CH— co2c2h5 

acid,  |  )>0  ,  m.p.  189°,  is  formed  by  the  condensation  of  oxalic 

CO-CH— C02C2H5 

ester  and  diglycolic  acid  diethyl  ester  by  means  of  sodium  ethylate  (Johnson, 
Johns,  Am.Chem.J.  36,  290). 


2,2'-Difuryl, 


\/  v 

O  O 


,  b.p.  65°  (7  mm.),  has  been  obtained  by  con¬ 


densation  of  2-furoylacetic  ester  and  chloroacetaldehyde  and  decarboxylation  of 
the  acid  formed  (Kondo,  Suzuki,  J.Pharm.Soc. Japan  1927,  No.  544,70;  C.  1927, 
II,  1027). 


2.  THIOPHENES 


Thiophene,  C4H4S,  the  sulfur  analogue  of  furan,  is  very  similar  to 
benzene  in  its  behavior  (see  p.  15).  Its  ring  can  be  regarded  as  a 
benzene  ring  in  which  one  of  the  three  vinylene  groups  has  been  re¬ 
placed  by  sulfur.  It  was  named  “thiophene”  because  of  its  similarity 
to  benzene,  thio  indicating  the  presence  of  sulfur,  and  phene,  the 
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relationship  with  phenyl  compounds.  A  structural  formula  analogous 
to  the  Thiele  formula  for  benzene  has  been  postulated  for  thiophene 
(see  p.  15).  Spectroscopic  data  for  thiophene  and  its  derivatives 
support  this  hypothesis  of  a  ring  with  complete  inner  saturation  ( v . 
Auwers,  Kohlhaas,  J.pr.  108,  321).  Thiophene  and  its  alkyl  deriva¬ 
tives  not  substituted  in  the  2-position  give  a  dark  blue  color  reaction 
with  isatin  and  concentrated  sulfuric  acid,  which  is  known  as  the 
indophenine  reaction  {Meyer,  Ber.  16,  1473  ;  for  details,  see  p.  25). 


History. — Thiophene  and  methylated  thiophenes  are  invariably  present  in  the 
benzene  hydrocarbons  obtained  commercially  from  coal  tar.  Because  of  this, 
before  the  discovery  of  thiophene,  the  indophenine  reaction  was  considered  to  be 
characteristic  of  benzene  hydrocarbons.  In  1883  Victor  Meyer  observed  that  this 
reaction  was  not  given  by  benzene  prepared  from  benzoic  acid,  and  was  caused  by 
an  impurity  containing  sulfur  in  the  commercial  benzene.  In  this  way  thio¬ 
phene  was  discovered,  and  subsequent  investigations  by  Meyer  disclosed  its  con¬ 
stitution  and  its  kinship  with  furan  and  pyrrole.  Thionessal,  a  derivative  of  thio¬ 
phene,  had  been  known  earlier  ( Laurent ,  1841) ,  but  its  identity  with  tetraphenyl- 
thiophene  was  not  uncovered  until  1891  ( Baumann ,  Fromm). 

The  synthesis  of  thiophene  derivatives  from  7-dicarbonyl  compounds  has  al¬ 
ready  been  discussed  on  p.  15.  The  conversion  of  7-0x0  acids  to  hydroxythio- 
phenes  with  P2S5  takes  place  very  readily;  the  hydroxythiophenes  are  reduced 
by  P2S3  to  thiophenes  ( Paal ,  Ber.  19,  551;  Paal,  Hoffmann,  Ber.  23,  1495) : 


CH2 — COCH3 

I 

CHo— COOH 

Levulinic  acid 


CH=C(CH3) 
CH=C(OH) 

2-Hydroxy-5-methyl- 

thiophene 


CH=C(CH3) 

I 

CH=CH 

2-Methylthiophene 


A  new  synthesis  of  thiophene  derivatives  consists  in  the  ring  closure  of  a  1,2- 
dicarbonyl  compound,  such  as  benzil,  and  a  thiodiacetic  acid  ester  under  the  in¬ 
fluence  of  sodium  ethylate  ( Hinsberg ,  Ber.  43,  901 ;  45,  2413) : 


c6h5-co— co-c6h5  . 

“b 

H5C2OOC  •  CH2 .  S  •  CH2  •  COOC0H5 


h6c6-c— c-c6h5 

■>  II  II  +  2H20 

h5c2ooc  •  C— S— C  •  COOC2H5 


For  the  preparation  of  hydroxythiophenes  from  a-chloroacetyl-|3-aminocrotonic 
acid  ester  and  pure  potassium  hydrosulfide,  see  Benary,  Silberstrom,  Ber.  52, 
1605. 

Thiophene  and  its  derivatives  are  produced  in  several  pyrogenous  reactions. 
2,5-Diarylthiophenes  are  formed  when  anils  of  aromatic-aliphatic  ketones  (such 
as  the  anil  of  acetophenone)  are  heated  with  sulfur  at  220°  ( Bogert ,  Herrera , 
Am.  45,  238). 


CH3 


+  S 


ch3 


C6H5-C:N-C6H5  C6H5N:C-CcH5 


HC- 

c6h6-c 


-CH 

c-c6h5 


+  2C6H5NH2 


'S' 


Alkenylbenzenes  on  heating  with  sulfur  yield  phenylthiophenes.  Styrene  gives 
diphenylthiophene,  stilbene  gives  tetraphenylthiophene,  and  acetylenedicarbox- 
ylic  acid  gives  thiophenetetracarboxylic  acid  ( Michael ,  Ber.  28,  1635;  Baumann, 
Fromm,  Ber.  30,  110). 

THIOPHENE,  C4H4S,  m.p.  —29.8°,  b.p.  84°,  (P3  1.062,  occurs  m 
coal  tar,  together  with  methylthiophenes;  thiophene  and  its 
homologues  are  present  in  the  corresponding  technical  benzene  hydro¬ 
carbons  (about  0.6%),  since  thiophene  and  benzene  have  approxi¬ 
mately  the  same  boiling  points,  as  do  also  methyl  thiophene  and 
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toluene,  and  so  forth.  Thiophene  is  formed  in  good  yield  from  sodium 
succinate  on  heating  with  P2S3  ( Volhard ,  Erdmann ,  Ber.  18,  454): 

CHo — COoNa  CH=CH 

I  - >  I 

CII2— C02Na  CH=CH 


Other  compounds,  such  as  crotonic  acid,  butyric  acid,  and  paraldehyde,  also 
give  thiophene  when  heated  with  P2S3.  It  is  obtained  by  passing  ethyl  sulfide,  or 
acetylene  and  H2S,  through  a  glowing  tube  {Meyer,  Wesche,  Ber.  50,  422;  Tom- 
kinson,  J.  125,  2264),  illuminating  gas  over  pyrite  (FeS2)  at  280  to  310°  ( Stein - 
kopf,  Kirchhoff,  Ann.  403,  1;  Steinkopf,  Ann.  430,  78),  or  acetylene  or  ethylene 
over  boiling  sulfur. 

Thiophene  is  removed  from  technical  benzene  by  shaking  with  a  little  con¬ 
centrated  sulfuric  acid  (4-10%)  {Weitz,  Ber.  17,  792),  or  by  precipitating  as  thio- 
phenemercury  hydroxy  acetate,  C4H2S(HgOCOCH3) -HgOH,  by  boiling  with 
mercuric  acetate.  The  mercury  compound  is  split  into  thiophene  and  mercuric 
chloride  by  boiling  hydrochloric  acid  {Dimroth,  Ber.  32,  758;  Schwalbe,  Ber.  38, 
2208) .  Thiophene  is  determined  quantitatively  as  methyl  thienyl  ketone  ( Stad - 
niknv,  Goldfarb,  Ber.  61,  2341) . 

Thiophene  is  a  colorless  liquid  with  an  odor  similar  to  benzene.  It  crystallizes 
in  a  bath  of  solid  carbon  dioxide  and  ether.  It  is  not  attacked  by  sodium  even 
when  boiled  with  it.  It  forms  characteristic,  crystalline  salts  with  mercuric  chlo¬ 
ride,  which  are  useful  in  the  identification  of  thiophene,  and  also  of  its  homo- 
logues:  C4H3SHgCl,  C4H2S(HgCl)2  {Steinkopf,  Bauermeister,  Ann.  403,  50; 
Steinkopf,  Ann.  413,  310;  428,  23).  The  compound  containing  two  mercury 
atoms  is  transformed  in  dilute  pyridine  solution  in  the  presence  of  sodium  iodide 
to  a  derivative  with  mercury  in  the  ring  {Steinkopf,  Bielenberg ,  Augestad-Jensen, 
Ann.  430,  63) : 


/H*\ 

c4h2s  sii2c4 

XHg/ 


2-Thienylmagnesium  iodide  reacts  with  SnCl4  to  form  tetra-2-thienyltin, 
[C4H3S]4Sn,  m.p.  153°,  and  with  PbCl2  to  form  tetra-2-thienyllead,  m.p.  152° 
{Krause,  Remoanz,  Ber.  60,  1582). 

According  to  its  formula  thiophene  is  a  cyclic  diolefin  sulfide,  but  it  exhibits 
none  of  the  ease  of  addition  of  alkyl  sulfides  for  methyl  iodide,  oxygen,  etc.  It  is 
readily  attacked  by  permanganate.  Concentrated  nitric  acid  converts  it  in  a 
vigorous  reaction  to  dinitrothiophene. 

Diazoacetic  ester  reacts  with  thiophene  just  as  it  does  with  benzene  {Steinkopf, 
Augestad-Jensen,  Ann.  428,  154). 


Benzene  series 

B.p. 

Thiophene  series 

B.p. 

Benzene 

80.5° 

Thiophene 

84° 

Toluene 

110.3° 

2-Methylthiophene 

113° 

p-Xylene 

138° 

2,5-Dimethylthiophene 

135° 

Isopropylbenzene 

153° 

2-Isopropylthiophene 

154° 

Diphenyl 

254° 

Dithienyl 

266° 

Diphenylmethane 

261° 

Dithienylmethane 

267° 

Chlorobenzene 

132° 

2-Chlorothiophene 

130° 

p-Dichlorobenzene 

172° 

2,5-Dichlorothiophene 

170° 

Bromobenzene 

155° 

2-Bromothiophene 

150° 

T  etrabromobenzene 

329° 

Tetrabromothiophene 

326° 

p-Dinitrobenzene 

299° 

Dinitrothiophene 

290° 

Benzoic  acid 

250° 

2-Thiophenecarboxylic  acid 

260° 

Benzonitrile 

191° 

Cyanothiophene 

190° 

Acetophenone 

202° 

Methyl  thienyl  ketone 

213° 

Benzophenone 

307° 

Dithienyl  ketone 

326° 

Cinnamic  acid 

m.p.  133° 

Thienylacrylic  acid 

m.p.  138° 
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The  striking  similarity  in  physical  properties  between  members  of  the  thio¬ 
phene  series  and  those  of  the  benzene  series  is  illustrated  in  the  table  of  boiling 
points  and  melting  points  on  page  24. 

The  analogy  in  chemical  behavior  between  these  two  series  of  compounds  will 
be  made  apparent  in  the  following  discussions  of  thiophene  derivatives.  The 
analogy  extends  to  physiological  activity;  the  benzene  ring  in  compounds  such 
as  cocaine,  atropine,  and  eucaine  can  be  replaced  by  a  thiophene  ring  with  little 
effect  on  their  action  ( Steinkopf ,  Ohse,  Ann.  437,  14;  Steinkopf,  Wolfram,  ibid. 
437,  22;  Steinkopf,  Ohse,  Ann.  448,  205).  Thiophene-2-carboxylic  acid  is  elimi¬ 
nated  by  the  human  body  as  thiophenuric  acid,  which  corresponds  to  hippuric 
acid  of  the  benzene  series  ( Schempp ,  Z. physiol. Chem.  117,  41). 


Indophenine  Reaction 

This  color  reaction,  mentioned  on  p.  23,  is  best  carried  out  in  this  way  ( Schlenk , 
Blum,  Ann.  433,  98) :  A  drop  of  thiophene,  or  a  corresponding  amount  of  the 
solution  to  be  tested  for  thiophene,  is  added  to  a  bright  yellow  chloroform  solution 
of  isatin.  This  solution  is  ice-cooled,  and  pure,  ice-cold,  concentrated  sulfuric 
acid  is  added.  A  blue-green  coloration  results  in  the  presence  of  even  the  smallest 
trace  of  thiophene. 

The  color  is  due  to  an  indigo  dye  formed  from  two  molecules  of  thiophene  and 
two  molecules  of  isatin  [ Schlenk ,  Blum,  Ann.  433,  95;  Heller,  Z.angcw.Chem. 
37  (1924),  1017]: 


xC6H/ 


In  agreement  with  this  structure  2-alk}d-  and  2,5-dialkylthiophene  do  not  give 
the  indophenine  reaction. 

The  color  reaction  produced  with  thiophene  is  not  restricted  to  isatin,  but  takes 
place  under  similar  conditions  with  other  compounds  containing  the  grouping 
•CO-CO-,  such  as  benzil  and  phenanthraquinone  ( Laubenheimer  reaction, 
Oster,  Ber.  37,  3348) .  Mesoxalic  acid  ester  reacts  in  the  same  way  with  thiophene 
( Schlenk ,  Blum,  Ann.  433,  95). 

1.  HOMOLOGUES  OF  THIOPHENE.  (The  numbering  of  the  thiophene 
ring  is  analogous  to  that  of  the  furan  ring,  see  p.  15.)  Homologues  of  thiophene, 
in  addition  to  their  synthesis  from  1,4-dicarbonyl  compounds,  are  obtained  from 
thiophene  by  methods  similar  to  those  used  in  the  preparation  of  benzene  homo¬ 
logues  from  benzene,  such  as  treatment  of  iodothiophene  with  alkyl  iodides  and 
sodium,  or  of  thiophene  with  alkyl  bromides  and  A1C13.  A  number  of  thiophene 
homologues  have  been  found  in  shale  tar  oil  [Scheibler ,  Z.angew.Chem.  39  (1926), 
1397].  Alkylthiophenes,  like  their  benzene  analogues,  yield  carboxylic  acids  on 
oxidation. 

2-Methylthiophene,  a-thiotolene,  b.p.  113°,  prepared  from  iodothiophene  and 
methyl  iodide  with  sodium  or  synthetically  from  levulinic  acid  [see  p.  23;  Chrzas- 
zclzewska,  Roczniki  Chem.  5  (1926),  33],  gives  thiophene-2-carboxylic  acid  on 
oxidation.  3-Methylthiophene,  /3-thiotolene,  b.p.  114°,  from  sodium  pyrotar- 
trate  and  P2S3.  Both  methyl  thiophenes  are  present  in  coal  tar  toluene.  Di- 
methylthiophenes  or  thioxenes  are  found  in  crude  xylene  ( Keiser ,  Ber.  29,  2560). 

2.3 - Dime thylthiophene,  b.p.  136°.  2,4-Dimethylthiophene,  b.p.  138°.  2,5- 

Dimethylthiophene ,  b.p.  135°.  3,4-Dimethylthiophene,  b.p.  145°.  2-Isopropyl- 
thiophene,  b.p.  154°,  is  obtained  from  thiophene  and  isopropyl  bromide  with 
aluminum  chloride. 

2-Phenylthiophene,  m.p.  41°,  from  /3-benzoylpropionic  acid  ( Kues ,  Paal, 
Ber.  19,  3141).  2,5-Diphenylthiophene,  m.p.  153°,  is  prepared  from  diphenacyl 
with  P2S5,  from  styrene  or  cinnamic  acid  with  sulfur  ( Baumann ,  Fromm,  Ber.  28, 
890) ,  or  from  the  anil  of  acetophenone  with  sulfur  ( Bogert ,  Herrera,  Am.  45,  238) . 

3.4- Diphenylthiophene,  m.p.  114°.  2,4-Diphenylthiophene,  m.p.  119°,  is  formed 
with  the  2,5-diphenyl  derivative  when  cinnamic  acid  is  heated  with  sulfur  {Fromm, 
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Fanil,  Leibsohn,  Ann.  457,  267).  Tetraphenylthiophene,  thionessal,  m.p.  184°, 
is  obtained  by  heating  thiobenzaldehyde  or  sodium  thiobenzoate,  and  from  stil- 
bene  and  sulfur,  as  thiophene  is  prepared  from  ethylene  and  sulfur  ( Laurent ,  Ann. 
38,  320;  Baumann,  Klett,  Ber.  24,  3310;  Fromm,  Achert,  Ber.  36  ,  534). 

2,2 '-Dithienyl,  m.p,  33°,  is  formed  from  thiophene  by  the  action  of  H2S04 
and  from  2-iodothiophene  with  silver  ( Eberhard ,  Ber.  28,  2385).  3,3 '-Dithienyl, 

m.p.  132°,  from  butane-a,/3,y,<5-tetracarboxylic  acid  with  P2S3.  A  mixture  of  the 
two  dithienyls  results  when  thiophene  vapor  is  passed  through  an  incandescent 
tube.  Dithienylmethane,  (C4H3S)2CH2,  m.p.  43°,  b.p.  267°,  from  thiophene  and 
methylal.  Thienyldiphenylmethane,  (C4H3S)  •CH(C6H5)2,  m.p.  63°,  b.p.  335°, 
from  thiophene  and  benzohydrol.  Thienyltriphenylmethane,  (C6H5)3C(C4H3S) , 
m.p.  237°,  is  obtained  from  triphenylmethanol  and  thiophene  with  P205;  the 
homologues  of  thiophene  also  condense  with  triphenylmethanol  under  the  same 
conditions  (Weisse,  Ber.  29,  1402).  Dithienylphenylmethane,  C6H5CH(C4H3S)2, 
m.p.  75°,  is  formed  by  the  condensation  of  benzaldehyde  and  thiophene  ( Tohl , 
Nahke,  Ber.  29,  2205).  as-Dithienylethane,  CH3CIi(C4H3S)2,  b.p.  270-280°, 
s-dithienylethylene,  (C4H3S)CH :  CH(C4LI3S) ,  m.p.  125°  (Nahke,  Ber.  30,  2041). 

2.  HALOGEN  DERIVATIVES.  Thiophene  is  attacked  by  chlorine  and 
bromine  in  the  cold,  even  more  energetically  than  benzene  is.  Iodine  also  reacts 
with  thiophene  at  room  temperature  if  HgO  is  present.  All  three  halogens  first 
enter  the  2-position.  For  the  preparation  of  pure  monobromothiophene,  N- 
bromoacetamide  or  cyanogen  bromide  is  used  ( Steinkopf ,  Ann.  430,  78) .  Oxida¬ 
tion  of  brominated  thiophene  with  very  cold  concentrated  nitric  acid  ruptures  the 
ring,  yielding  products  such  as  dibromomaleic  acid,  bromocitraconic  acid,  and 
dibromoacetoacrylic  acid  (Angeli,  Ciamician,  Ber.  24,  74,  1347). 

2-Alkylthiophenes  are  chlorinated  and  brominated  almost  exclusively  in  the 
nucleus,  even  in  the  sunlight  and  at  the  boiling  point.  3-Meth3dthiophene,  on  the 
contrary,  is  halogenated  mostly  in  the  side-chain,  especially  when  the  reaction 
mixture  is  heated. 

2-Chlorothiophene,  b.p.  130°  (Steinkopf,  Otto,  Ann.  424,  61).  2,5-Dichloro- 
thiophene,  b.p.  170°.  Tetrachlorothiophene,  C4C14S,  m.p.  36°,  b.p.  220-240°. 
2-Bromothiophene,  b.p.  150°.  2,5-Dibromothiophene,  b.p.  211°  (Steinkopf, 
Otto,  Ann.  424,  61) ;  the  formation  of  this  compound  can  serve  for  the  separation 
by  means  of  bromine  of  all  the  thiophene  present  in  a  crude  benzene  (Stadler, 
Ber.  18,  1490).  Tribromothiophene,  m.p.  29°,  b.p.  260°.  Tetrabromothio- 
phene,  m.p.  112°,  b.p.  326°,  is  also  produced  in  the  energetic  bromination  of  sub¬ 
stituted  thiophenes  when  the  substituents  are  displaced  (Marcusson,  Ber.  26, 
2457).  2-Iodothiophene,  b.p.  182°  (Thyssen,  J.pr.  65,  5). 

3 .  NITROTHIOPHENES.  Nitric  acid  attacks  thiophene  very  energetically. 
To  moderate  the  reaction  a  mixture  of  thiophene  vapor  and  air  is  passed  into  fum¬ 
ing  nitric  acid;  the  products  are  mono-  and  dinitrothiophene  '(Meyer,  Stadler, 
Ber.  17,  2648) .  Nitration  with  benzoyl  nitrate  (Vol.  Ill,  p.  298)  in  carbon  tetra¬ 
chloride  (Francis,  Ber.  39, 3801)  or  with  glacial  acetic  acid-acetic  anhydride  as  the 
diluent  (Babasinian,  Am.  50,  2748)  runs  smoothly. 

2-Nitrothiophene,  m.p.  44°,  b.p.  225°.  Dinitrothiophene,  m.p.  52°,  b.p.  290°; 
its  alcoholic  solution  turns  dark  red  when  alkali  is  added.  This  color  reaction  can 
be  used  to  test  technical  dinitrobenzene  for  the  presence  of  dinitrothiophene 
(Meyer,  Stadler,  Ber.  17,  2778). 

4.  AMINOTHIOFHENES.  Nitrothiophenes  are  reduced  much  less  readily 

than  the  nitrobenzenes.  2-Nitrothiophene  in  dilute  alcoholic  solution  is  reduced 
by  zinc  and  hydrochloric  acid  to  2-thiophenine  (Stadler,  Ber.  18,  1490).  • 

2-Thiophenine,  2-aminothiophene,  b.p.  79°  (11  mm.),  is  a  bright  yellow  oil 
which  resinifies  on  exposure  to  air.  Its  hydrochloride  forms  deliquescent  needles. 
It  can  be  diazotized  in  the  form  of  its  tin  double  salt  (Steinkopf,  Muller,  Ann.  448, 
210) .  Thiophenine  couples  with  salts  of  diazobenzene  to  form  azo  dyes  such  as, 
CeH5N:N -C4H2S-NH2  (Stadler,  Ber.  18,  2316).  2-Acetamidothiophene,  (C4LI3- 
S)NHCOCII3,  is  also  obtained  from  the  oxime  of  methyl  thienyl  ketone,  (C4H3S)  •  - 
C(NOH)CH3  (p.  27),  by  the  Beckmann  rearrangement  [Rimini,  Chem.Z. 
23  (1899),  266].  2-Thienylurethan,  (C4H3S)NHC02C2H5,  m.p.  48°,- prepared 
from  the  azide  of  thiophene-2-carboxylic  acid,  decomposes  on  saponification 
(Thyssen,  J.pr.  65,  1).  , 

5.  SULFONIC  ACIDS.  Like  the  benzenesulfonic  acids,  thiophenesulfonic 
acids  are  produced  by  treatment  of  thiophene  with  sulfuric  acid,  but  the  reaction 
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must  be  moderated  by  dilution  of  the  thiophene  with  petroleum  ether,  benzene 
or  the  like.  They  are  also  obtained  from  thienyl  ketones  by  displacement  of 
the  ketone  group  by  the  sulfonic  acid  group  ( Krekeler ,  Ber.  19,  674;  Muhlert, 
Ber.  19,  1620;  Reiser,  Ber.  29,  2562). 

6.  HYDROXYTHIOPHENES.  Hydroxythiophene  is  not  known.  2 -Hy¬ 
droxy-5 -methylthiophene,  hydroxytliiotolene,  C4H2(CH3)  (OH)S,  is  synthesized 
from  levulinic  acid  (p.  23).  2-Thiophenethiol,  (C4H3S)SH,  b.p.  166°,  is  pre¬ 
pared  by  reduction  of  2-thienylsulfonyl  chloride,  (C4H3S)S02C1;  it  is  present  in 
the  crude  thiophene  obtained  by  distilling  succinic  acid  with  P2S5. 

7.  ALCOHOLS.  2-Thienylmethanol,  b.p.  207°;  for  its  preparation,  see 
below.  Tertiary  2-thienylmethanols,  (C4H3S)C(OH)R2,  such  as  dimethyl-, 
methylphenyl-,  and  diphenyl -2-thienylmethanol,  m.p.  33°,  50°,  and  125°,  are 
produced  by  the  reaction  of  2-thienylmagnesium  iodide,  (C4H3S) -Mgl,  with 
ketones  ( Thomas ,  C.r.  146,  642). 

8.  ALDEHYDES  AND  KETONES.  2-Thiophenecarboxaldehyde,  b.p.  198°, 
is  prepared  by  the  reaction  of  2-thienylmagnesium  iodide  with  orthoformic  acid 
ester  [Grischkewitsch-Trochimovski,  J.Russ.Phys.-Chem.Soc.  43  (1911),  204]. 
It  is  obtained  in  smaller  yield  by  the  catalytic  reduction  of  thiophene-2-carboxylic 
acid  chloride  [Vol.  I,  p.  226;  Rojahn,  Schultin,  Arch.Pharm.  264,  (1926),  348], 
by  heating  thienylglyoxylic  acid  (see  below)  and  by  the  reaction  of  a-chloro- 
glutaconaldehyde,  CHO  -CC1:CH  CH2CHO,  with  hydrogen  sulfide  ( Dieckmann , 
Ber.  38,  1651).  The  aldehyde  is  oxidized  to  thiophene-2-carboxylic  acid  by  the 
oxygen  of  the  air.  With  aqueous  potassium  hydroxide  it  forms,  like  benzaldehyde 
and  furfuraldehyde,  the  corresponding  carboxylic  acid  and  alcohol : 

•  < 

2C4H3S*CHO  +  KOH  =  C4H3S-C02K  +  C4H3S-CH2(OH) 

With  sodium  acetate  and  acetic  anhydride  it  condenses  to  thienylacrylic  acid, 
C4H3S-CH:CH-C02H,  m.p.  138°,  which  is  analogous  to  cinnamic  acid.  With 
ammonia  it  gives  a  hydramide,  (C5H4S)3N2,  m.p.  111°,  corresponding  to  hydro- 
benzamide  (Vol.  Ill,  p.  272).  A  thiophene  green  is  formed  by  a  process  similar 
to  that  which  converts  benzaldehyde  to  malachite  green. 

The  ketone  derivatives  of  thiophene  are  readily  obtained  from  acid  chlorides 
and  thiophene  in  the  presence  of  aluminum  chloride,  phosphorus  pentoxide  ( Stein - 
kopf,  Schubart,  Ann.  424,  1),  or  tin  tetrachloride  ( Stadnikoff ,  Rakowsky,  Ber.  61, 
268).  2-Thienyl  methyl  ketone,  acetothienone,  C4H3S-COCH3,  b.p.  213°,  is 
oxidized  by  permanganate  first  to  thienylglyoxylic  acid,  C4H3S-C0-C02H,  m.p. 
91°,  then  to  thiophene-2-carboxylic  acid.  2-Thienyl  ethyl  ketone,  b.p.  100° 
(11  mm.) ;  2-thienyl  propyl  ketone,  b.p.  120°  (16  mm.) ;  2,5-dimethyl-3-thienyl 
methyl  ketone,  b.p.  126°  (18  mm.)  ( Steinkopf ,  Schubart ,  Ann.  424,  18).  Di¬ 
thienyl  ketone,  thienone,  CO(C4H3S)2,  m.p.  88°,  b.p.  326°,  is  prepared  from  thio¬ 
phene  and  COCl2.  2-Thienyl  phenyl  ketone,  m.p.  55°,  b.p.  360°,  from  thio¬ 
phene,  benzoyl  chloride,  and  aluminum  chloride. 

9.  THIOPHENE  CARBOXYLIC  ACIDS.  The  carboxylic  acids  of  thiophene 

are  formed  by  the  methods  used  in  the  preparation  of  aromatic  carboxylic  acids : 
( 1 )  By  oxidation  of  alkylthiophenes  with  alkaline  permanganate  (2-ethylthio- 
phene  first  forms  thienylglyoxylic  acid,  then  thiophene  carboxylic  acid) .  ( 2 ) 

From  iodo-  or  bromothiophene  with  chloroformic  acid  ester  and  sodium,  or  from 
thiophene  with  chloroformic  acid  ester  or  urea  chloride  and  aluminum  chloride. 

Thiophene -2 -carboxylic  acid,  m.p.  126°,  b.p.  260°,  K  (dissociation  constant) 
=  0.0302,  is  obtained  from  2-iodothiophene  and  chloroformic  acid  ester  with  Na 
amalgam,  from  thienyl  methyl  or  ethyl  ketone,  (C4H3S)COC2H5,  by  oxidation 
with  permanganate  ( Thyssen ,  J.pr.  65,  6)  and  from  mucic  acid  by  heating  with 
barium  sulfide  (p.  15).  Its  nitrile,  C4H3S-CN,  is  formed  by  distillation  of  2- 
thiophenesulfonic  acid  with  KCN  or  by  removal  of  water  from  thiophene  aldox- 
ime  ( Douglas ,  Ber.  25,  1311).  Ethyl  ester,  b.p.  115°  (25  mm.);  chloride,  b.p. 
203°;  hydrazide,  m.p.  136°;  azide,  m.p.  37°  ( Thyssen ,  J.pr.  65,  1).  For  the 
substitution  of  thiophene-2-carboxylic  acid  for  benzoic  acid  in  pharmacologically 
active  compounds,  see  Steinkopf,  Ohse,  Ann.  437,  14,  and  Steinkopf,  Wolfram, 
Ann.  437,  22.  Thiophene -3 -carboxylic  acid,  m.p.  138°,  from  3 -methylthio¬ 
phene.  Thiophene -2, 3 -dicarboxylic  acid,  m.p.  260°  (dec.),  condenses  with  re¬ 
sorcinol,  as  phthalic  acid  does,  to  form  a  fluorescein.  2,4-Acid,  m.p.  118°;  the 
2,5-acid  sublimes  at  300°  and  is  reduced  byNa  amalgam  to  tetrahydrothiophene- 
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2,5-dicarboxylic  acid,  m.p.  162°,  which  reduces  warm  ammoniacal  silver  solu¬ 
tion  and  in  general  behaves  like  hydrophthalic  acid  (Ernst,  Ber.  19,  3274). 
Thiophenetetracarboxylic  acid  methyl  ester,  m.p.  127°,  is  prepared  by  heating 
the  methyl  ester  of  acetylenedicarboxylic  acid  with  sulfur  in  a  tube  at  150-155° 
(Michael,  Ber.  28,  1635). 

CH - C - CH 

Thioplithene,  ||  ||  ||  ,  b.p.  225°,  is  formed  by  heating  citric  acid 

CH— S— C— S— CH 

with  P2S3,  by  the  pyrogenic  reaction  of  sulfur  and  acetylene  (Biedermann,  Jacob¬ 
son,  Ber.  19,  2444)  and,  to  some  extent,  by  heating  thiophene  at  650°  (Meyer, 
Wesche,  Ber.  50,  423;  Peel,  Robinson,  J.  1928,  2068).  x 

TETRAHYDROTHIOPHENE,  TETRAMETHYLENE  SULFIDE, 


CH2— ch2. 
(^H,— CH* 


•S 


and  its  homologues  are  prepared  from  1,4-dihalogen  paraffins  by  treatment  with 
K2S  (v.  Braun,  Triimyler,  Ber.  43,  545;  v.  Braun,  Ber.  43,  3220). 


3.  SELENOPHENES 


The  selenophenes  have  a  structure  similar  to  that  of  the  thiophenes,  but  with  a 
selenium  atom  in  place  of  the  sulfur  atom. 

CH=CHV 

SELENOPHENE,  [  /Se,  yellowish  liquid,  b.p.  148°  (250  mm.),  is 

CH=CH/ 

prepared  by  heating  sodium  succinate  with  phosphorus  triselenide  (Foa,  Gazz. 
39  II,  527)  and  also  by  passing  ethyl  selenide  through  an  incandescent  tube  (Meyer 
Ber.  18,  1772).  2,5-Dimethylselenophene,  selenoxene,  b.p.  153°,  is  formed 
from  acetonylacetone  with  phosphorus  selenide  (Paal,  Ber.  18,  2255).  For  the 
preparation  of  2,4-diarylselenophenes,  see  Bogert,  Herrera,  Am.  45,  238.  2,4- 

Diphenylselenophene,  m.p.  112  °.  With  isatin  and  sulfuric  acid  selenophenes  turn 
carmine-red;  they  also  give  the  Laubenheimer  reaction  (p.  25).  Tetrahydro- 
selenophene:  Morgan,  Burstall,  J.  1929,  1096.  Selenindigo,  p.  61. 

3a.  CYCLOTELLURIUM  COMPOUNDS:  Morgan,  Burgess,  J.  1928,  321. 

Attempted  preparation  of  tellurindigo :  Mazza,  Melchionna,  Rend.accad.sci. 
Napoli  [3a],  34  (1929),  54. 


4.  PYRROLES* 

The  ring  skeleton  of  pyrrole,  C4FI5N,  is  a  chain  of  four  carbon  atoms 
closed  by  a  divalent  imine  group.  Being  a  secondary  amine,  its 
basicity  is  slight;  in  many  of  its  reactions  it  resembles  phenol.  The 
imine  hydrogen  is  easily  replaced  by  potassium;  the  potassium  salt 
thus  formed  reacts  with  C02  or  CC14  to  give  pyrrolecarboxylic  acids, 
just  as  salicylic  acid  is  produced  in  the  Kolbe  synthesis.  Pyrrole 
aldehydes  are  also  prepared  by  adaptations  of  syntheses  used  for 
phenol  aldehydes.  Like  the  imine  hydrogen,  the  methine  hydrogens 
are  very  reactive,  being  readily  replaced  by  various  groups  and  atoms. 
The  constitution  of  pyrrole  and  its  analogy  to  furan  and  thiophene 
(see  page  15)  are  apparent  from  its  synthesis  from  7-dicarbonyl 
compounds. 

This  synthesis  can  be  reversed  with  remarkable  smoothness.  Hydroxylamine 


*  The  chemistry  of  pyrroles  up  to  the  year  1904  has  been  surveyed  by  Ciamician 
(Ber.  37,  4200). 
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opens  the  pyrrole  ring,  producing  a  di oxime.  Pyrrole  itself  is  converted  to  suc- 
cindialdoxime  ( Ciamician ,  Zanetti,  Ber.  22,  1968;  Harries,  Chem.Z.  24,  857) : 


CH=CH 

I 

CH=CH 


NH  +  2H2N  OH 


CH2-CH  :N  OH 

I 

CH2-CH:N-OH 


+  NH3 


Homologous  pyrroles,  such  as  2-methylpyrrole  and  3 -isopropyl pyrrole,  react 
similarly.  This  decomposition  is  useful  in  determining  the  position  of  the  alkyl 
group  in  homologous  pyrroles,  since  2-alkylpyrroles  give  oximes  of  ketones,  while 
3-alkylpyrroles  are  converted  to  aldoximes,  which  can  be  readily  oxidized  to  di¬ 
basic  acids. 

There  are  several  possible  formulas  for  pyrrole,  which  is  not  the  case  for  furan 
or  thiophene.  The  fifth  hydrogen  could  be  on  the  nitrogen  (I),  on  an  a-carbon 
(II)  or  on  a  /3-carbon  (III) .  The  last  two  formulas  are  analogous  to  the  methyl¬ 
ene  form  of  phenol  (IV) . 


CH - CH 

I!  II 

CH-NHCH 

Pyrrole 


CH=CH 

I  I 

CH2-N  :CH 

2-Pyrrolenine 

II 


CH2 - CH 

I  II 

CH :  N  •  CH 

3-Pyrrolenine 

III 


CH: CH-CH 

I  II 

CH2COCH 

iv 


The  numbering  of  the  pyrrole  ring  is  similar  to  that  of  the  furan  ring  and  of 
the  thiophene  ring.  The  numbers  1,  2,  3,  4,  and  5,  or  the  symbols  a,  13,  «i,  ft 
are  used;  in  the  latter  case  substituents  on  the  nitrogen  are  indicated  by  N — . 

While  the  furan  derivatives  are  important  physiologically  because 
of  their  relation  to  the  carbohydrates,  the  pyrroles  and  hydropyrroles 
are  of  interest  because  of  their  relation  to  the  albumins  and  to  blood 
pigment,  bile  pigment,  and  chlorophyll.  Hydrogenated  pyrrole  rings 
are  also  part  of  the  structure  of  certain  alkaloids  (nicotine,  hygrine, 
tropine  alkaloids). 

PYRROLE,  b.p.  131°,  d20  0.9752,  received  its  name  from  its 
ability  to  turn  a  pine  shaving  moistened  with  hydrochloric  acid  a 
fiery  red  (7 rvppos).  It  was  first  found  in  coal  tar  and  then  in  bone  oil 
( Runge ,  1834;  Anderson,  1858).  It  is  also  present  in  the  distillation 
products  of  bituminous  shales. 

Bone  oil  is  still  a  commercial  source  of  pyrrole  and  its  alkyl  derivatives.  It  is 
isolated  in  the  form  of  its  potassium  salt. 

Pyrrole  is  obtained  synthetically  (1)  from  ammonium  saccharate  or  nmcate  by 
distillatmn  or  by  heating  to  200°  in  the  presence  of  glycerol  (Khotinsky ,  Ber.  42, 
2506);  \2)  by  passing  acetylene  and  ammonia  through  an  incandescent  tube: 

2C2H2  +  NH3  =  C4H4NH  +  II2 

(3)  from  various  acid  imides  and  lactams,  which  can  also  be  regarded  as  oxo  de¬ 
rivatives  of  hydropyrroles  (p.  50).  Thus,  succinimide  is  reduced  to  pyrrole  by 
distillation  with  zinc  dust  (or  sodium) : 


CH2— COx  H  CH=CHX 

I  >NH  - >  |  >NH 

CH2 — CCk  ■  CH=CH/ 

Succinimide  and  dichloromaleimide,  when  heated  with  PC15,  yield  perchlori- 
nated  products,  which  reduce  to  tetrachloropyrrole.  This  can  be  converted 
through  tetraiodopyrrole  to  pyrrole:  ^ 
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CC1— CO 

II 

CC1— CO 

Dichloromaleimide 


H 

- >C4C15N - 

Pentachloropyrrole  - > 

H 

- >C4C17N - 

Heptachloride 


CC1=CC1 

CCh=CCl 


NH 


Tetrachloropyrrole 


Iodole 


CH=CHX 
I  •  >NH 
CH=CH/ 

Pyrrole 


Pyrrole  is  produced  when  pyroglutamic  acid  (Vol.  I,  p.  613)  is  heated: 


CH2— CH- 


CH2— CO 


>NH 


-C02H 


CH=CHX 
->  |  >NH 

CH=CH/ 


-> 


For  the  ring-synthesis  of  C-alkyl  derivatives,  see  p.  31. 

Pyrrole  is  a  colorless  liquid  with  a  characteristic  odor.  It  turns  brown  on  ex¬ 
posure  to  the  air.  It  is  slightly  sol.  in  water  and  readily  sol.  in  alcohol  and  ether. 
It  gives  an  indigo-blue  color  reaction  with  isatin  and  sulfuric  acid,  and  with 
phenanthrencqumone  and  other  reagents  (p.  25)  ( Ciamician ,  Silber,  Ber.  17,  142; 
Meyer,  Stadler,  Ber.  17,  1034;  Ciamician,  Magnaghi,  Ber.  19,  106;  Liebermann, 
Krauss,  Ber.  40,  2492).  Chromic  acid  oxidizes  pyrrole  to  maleimide  ( Plancher , 
Cattadori,  Atti  accad.Lincei  [5]  13, 1,  489).  Pyrrole  is  a  very  weak  base  which 
dissolves  slowly  in  dilute  acids;  strong  acids  resinify  it  rapidly.  The  solutions 
in  dilute  acids  when  warmed  precipitate  an  amorphous  red  powder  of  varying  com¬ 
position,  which  is  called  pyrrole  red.  The  resinifying  action  of  acids  on  pyrroles 
is  apparently  due  to  polymerization  processes  ( Ciamician ,  Zanetti,  Ber.  26,  1711). 
For  the  isolation  and  identification  of  pyrroles  the  picrates  or  the  mercuric  chlo¬ 
ride  double  salts  are  used.  Pyrrole  couples  with  diazo  compounds  to  give  azo  dyes. 

For  the  qualitative  determination  of  pyrrole  and  its  homologues  the  color 
reaction  with  Ehrlich'' s  reagent  (4-dimethylaminobenzaldehyde  in  hydrochloric 
acid)  is  usually  employed.  Pyrroles  with  a  free  CH -group  give  an  intensive  red 
coloration  in  the  cold.  Tetrasubstituted  pyrroles  do  not  react  in  the  cold,  but 
when  warmed  they  generally  lose  a  substituent  and  give  the  color  reaction.  This 
test  is  specific  for  pyrrole  only  in  the  absence  of  a  number  of  other  compounds 
with  which  dimethylaminobenzaldehyde  also  gives  a  color  reaction.  For  the 
products  formed  in  this  reaction,  see  Fischer,  Nenitzescu,  Z. physiol. Chem.  145, 
295. 

3-Phthalidene-3-pyrrolenine  (I)  ( Dennstedt ,  Zimmermann,  Ber.  19,  2201),  pre¬ 
pared  by  warming  pyrrole  with  phthalic  anhydride,  is  probably  derived  from  the 

C=C - CH 

desmotropic  formula  III  of  pyrrole  (p.  29):  (I)  C6H4<f  bO  |  ||  .  This 

X50  HC:N  -  CH 

type  of  compound  is  useful  for  the  purification  of  many  p3rrrole  derivatives. 

The  pyrrole  ring  can  be  transformed  into  a  pyridine  ring.  3-Chloropyridine 
is  prepared  by  heating  the  potassium  salt  of  pyrrole,  or  pyrrole  and  sodium  alco- 
holate,  with  chloroform  (for  the  course  of  the  reaction,  see  Ciamician,  Ber.  37, 
4234) : 


CH=CHX  CH=CC1 — CH 

|  >NK  +  CHC1,  =  |  || 

CH=CII/  CII=CII — N 


+  KC1  +  HC1 


Bromoform  gives  3-bromopyridine,  methylene  iodide  gives  pyridine  (Dennstedt, 
Zimmermann,  Ber.  18,  3316)  and  benzal  chloride  gives  3-phenylpyridine.  Alkyl- 
pyrroles  with  chloro-  and  bromoform  give  homologous  3-chloro-  and  3-bromo- 
pyridines  (Bocchi,  Gazz.  30,  I,  89).  Dichloromethylpyrroles,  (C4H3N)CHC12, 
are  probably  intermediate  products  in  these  reactions.  This  would  also  account 
for  the  occasional  formation  of  pyrrole  aldehydes,  which  is  analogous  to  the 
action  of  chloroform  and  alkali  on  phenols  (Vol.  Ill,  p.  264)  (cf.  the  conversion 
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of  indoles  to  quinolines,  p.  62).  A  similar  transition  of  the  pyrrole  ring  to  the 
pyridine  ring  takes  place  when  vapors  of  N-alkyl-  and  2-alkylpyrroles  are  passed 
through  an  incandescent  tube.  In  this  ring  enlargement  also,  the  carbon  atom 
entering  the  ring  takes  up  the  3 -position;  N -methylpyrrole  forms  pyridine,  N- 
benzylpyrrole  forms  3-phenylpyridine  ( Pictet ,  Ber.  38,  1946) : 


CH=CH 

I 

CH=CH 


N-CH2C6H5 


CH=C(C6H5)-CH 
CH=CH - -N 


N -Derivatives  of  Pyrrole 

CH=CLL 

The  potassium  salt  of  pyrrole,  C4H4NK  =  |  yNK,  is  formed  when 

CH=CH// 

metallic  potassium  is  dissolved  in  pyrrole;  hydrogen  is  evolved,  and  the  salt 
separates  as  a  crystalline  mass.  It  can  also  be  prepared  by  heating  pyrrole  with 
solid  KOH.  It  hydrolyzes  in  water  to  pyrrole  and  KOH.  Sodium  reacts  much 
less  readily  than  potassium. 

A  series  of  N-derivatives  of  pyrrole  may  be  prepared  from  the  potassium  salt; 
they  are  all  converted  by  heat  to  C -derivatives.  The  following  derivatives  are 
obtained : 

With  alkyl  iodides:  1-alkylpyrroles,  C4H4:NR,  which  can  be  prepared  directly 
by  using  primary  amines  in  place  of  ammonia  in  the  pyrrole  synthesis  (p.  15) 
or  by  distillation  of  alkyl-  and  arylamine  salts  of  mucic  acid.  1 -Methylpyrrole, 
b.p.  113°;  1 -ethylpyrroie ,  b.p.  131  °;  1-isoamylpyrrole,  b.p.  180-184°;  !-phenyl- 
pyrrole,  m.p.  62°;  l-(3-pyridyl)pyrrole,  C4H4N  \C5H4N,  b.p.  251  °,  from  3-amino- 
pyridine  mucate  ( Soderbaum ,  Ber.  28,  1907) . 

With  acetyl  chloride:  1-acetylpyrrole,  oil,  b.p.  178°,  from  pyrrole  and  acetic 
anhydride,  together  with  pyrryl  methyl  ketone  (p.  36).  H 

With  benzoyl  chloride:  1-benzoylpyrrole,  b.p.  276°,  which  rearranges  on  heat¬ 
ing  to  2-pyrryl  phenyl  ketone  (p.  36) . 

With  phosgene:  di-l-pyrryl  ketone,  (C4H4N)2CO,  m.p.  63°,  b.p.  238°,  which 
is  converted  by  heat  to  di -2-pyrryl  ketone,  CO(C4H3: NH)2  and  l-(2-pyrroyl) 
pyrrole . 

With  chloroformic  acid  ester :  1  -pyrrolecarboxylic  acid  ester,  C4H4 :  N  •  C02C2H5, 
b.p.  180°,  which  forms  the  amide,  C4H4:N -CO -NIL,  with  ammonia. 

With  cyanogen  chloride:  1 -cyanopyrrole ,  C4H4N*CN,  which  readily  poly¬ 
merizes  to  a  melamine  derivative. 

Like  aniline  (Vol.  Ill,  p.  78),  pyrrole  reacts  with  methylmagnesium  iodide  to 
form  methane  (quantitative  determination  of  NH  -groups  in  pyrroles)  and  a 
pyrrylmagnesium  iodide,  (C4H4N)MgI,  in  which  the  magnesium  appears  to  be 
attached  to  the  2-carbon  atom,  since  it  yields  pyrrole-2-carboxylic  acid  with  C02, 
2-pyrryl  ketones  with  acid  chlorides  and  fatty  acid  esters,  and  bi-2-pyrroyl 
(p.  36)  with  oxalyl  chloride  ( Oddo ,  Ber.  43,  1012;  Gazz.  41,  I,  248). 

1-Anilinopyrroles,  C4R4N -NHCelR,  have  been  synthesized  from  1,4-dioxo 
compounds  with  phenylhydrazine  ( cf .  Smith,  Ann.  289,  312). 


C -Derivatives  of  Pyrrole 

1.  C-ALKYLPYRROLES,  homologous  pyrroles,  occur  in  bone 
oil;  they  are  the  basic  unit  of  blood  and  bile  pigments  and  other 
physiologically  important  pigments.  They  are  synthesized:  (a) 
by  passing  pyrrole  and  alcohol  vapors  over  zinc  dust ;  (5)  by  passing 
1-alkylpyrroles  through  an  incandescent  tube  ( Pictet ,  Ber.  37,  2792); 
(c)  by  heating  pyrrole  or  its  potassium  salt  with  alkyl  iodides  (the 
N-alkylpyrroles  formed  first  rearrange  to  C-alkylpyrroles) ;  -  ( d )  by 
decarboxylation  of  alkylpyrrolecarboxylic  acids  (p.  37) ;  (e)  by  direct 
synthesis  from  y-diketones,  such  as  2,5-hexanedione  (cf.  p.  15),  with 
ammonia. 
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(/)  A  series  of  C-alkylpyrroles  have  been  prepared  by  reduction  of  an  equi- 
molecular  mixture  of  a  ketone  and  an  isonitroso  ketone  with  zinc  dust  ( Knorr , 
Ber.  44,  2760) .  The  primary  products,  however,  are  pyrrole  ketones  and  car¬ 
boxylic  acids,  so  the  method  will  be  discussed  in  the  sections  dealing  with  these 
com  pounds . 

(g)  3, 4-Dimethyl -2, 5-diethylpyrrole  is  obtained  by  a  rather  unusual  synthesis 

from  diethylketazine  with  ZnCl2  ( Piloty ,  Ber.  43,  493) : 


CH3-CH2  ch2ch3 
I  I 

C2H5C:NN:CC2H5 


ZnCl,  OH3-C - C-CH3 

>  II  II 

nh.  c2h5-c-nh-c-c2h5 


This  reaction,  which  is  analogous  to  the  Fischer  indole  synthesis,  is  of  use  only 
in  isolated  cases. 

(h)  C-Methyl-  and  C -ethyl pyrroles  are  prepared  by  reduction  of  the  corre¬ 
sponding  formyl  or  acetyl  compound  according  to  the  metod  of  Wolff -Kishner 
[Kishner,  J.Russ.Phys.Chem.Soc.  43  (1911),  582;  Knorr,  Hess,  Ber.  44,  2758; 
Fischer,  Bartholomews ,  Ber.  44,  3314;  Willstatter ,  Asahina,  Ber.  44,  3707] . 

(i)  Methyl  groups  can  be  introduced  into  pyrroles  by  heating  the  latter  with 
sodium  methylate  under  pressure;  under  these  conditions  3 -ethyl -2, 4-dimethyl  - 
pyrrole  (cryptopyrrole)  is  converted  to  3-ethyl-2,4,5-trimethylpyrrole  (phyllo- 
pyrrole) 

Behavior. — C-Alkylpyrroles  are  oxidized  by  fusion  with  potassium  hydroxide 
to  the  corresponding  pyrrolecarboxylic  acids;  acid  oxidizing  agents,  such  as 
chromic  acid  and  nitrous  acid,  sometimes  remove  alkyl  groups  in  the  ^-position 
and  give  imides  of  the  maleic  acid  series  or  their  monoximes  (c/.  hemopyrrole) 
( Plancher ,  Cattadori,  Atti  accad.Lincei  [5]  12,  I,  10;  Piloty,  Quitmann,  Ber. 
42,  4694).  Like  pyrrole  itself,  the  C-alkyl  derivatives  are  readily  resinified  by 
acids. 

2-Methylpyrrole,  b.p.  147°,  is  prepared  from  2-methylpyrrolidine  (p.  49)  by 
distillation  with  zinc  dust  ( Testoni ,  Mascarelli,  Gazz.  33,  II,  267),  from  the  ethyl 
ester  of  2-methylpyrrole-3-carboxylic  acid  by  saponification  and  decarboxylation, 
and  from  2-formylpyrrole  by  reduction  with  hydrazine  and  sodium  ethylate 
(Fischer,  Beller,  Stern,  Ber.  61,  1078).  3-Methylpyrrole,  b.p.  143°  ( Fischer , 
Ernst,  Ann.  447,  156).  2,3-Dimethylpyrrole,  b.p.  165°,  from  2,3-dimethylpyr- 
role-4,5-dicarboxylic  acid  (Fischer,  Beller,  Stern,  Ber.  61,  1081).  2,5-Dimethyl- 
pyrrole,  b.p.  165°,  and  2,4-dimethylpyrrole,  b.p.  160°,  from  their  dicarboxylic 
acids  (p.  37).  3,4-Dimethylpyrrole,  m.p.  33°.  2,5-Dimethylpyrrole  is  opened 
bv  nitrous  acid  to  the  dioxime  of  2,3,4,5-hexanetetrone,  CH3CO-C(NOH) -C- 
(NOH)-COCH3  (Piloty,  Quitmann,  Ber.  42,  4694).  2,4-Dimethylpyrrole  is 
oxidized  by  chromic  acid  or  nitrous  acid  to  citraconimide  or  its  monoxime 
(Plancher,  Cattadori,  Atti  accad.Lincei  [5]  12,  I,  10).  4-Ethyl-2-methylpyrrole, 
b.p.  86°  (20  mm.)  (Fischer,  Baumler,  Ann.  468,  78).  2-Ethylpyrrole,  b.p.  165°, 
from  2-acetylpyrrole  by  the  Wolff -Kishner  method,  and  2-isopropylpyrrole,  b.p. 
175°;  they  are  also  formed  by  the  action  of  acetaldehyde  or  acetone  and  zinc 
chloride  on  pyrrole.  1,2,5-Trimethylpyrrole,  b.p.  180°,  from  its  carboxylic  acid 
(Hinsberg,  Ber.  38,  1130).  2,3,4-Trimethylpyrrole,  b.p.  180°  (Fischer,  Ammann, 
Ber.  56,  2330).  2, 5-Diethyl -3 ,4-dimethylpyrrole,  b.p.  134°  (55  mm.).  Tetra- 

methylpyrrole,  m.p.  112°  (Fischer,  Zerweck,  Ber.  56,  525;  Fischer,  Walach,  Ann. 
450,  179). 


h3c 

-c2h5 

II3C 

C2H 

h3c 

\n/ 

H 

H 

\n/ 

ch3 

H 

H 

Hemopyrrole 

Cryptopyrrole 

h3c 

c2h5 

h3c 

c2h 

h3c 

\n/ 

Ich3 

H 

\n/ 

H 

H  H 

Phyllopyrrole  Opsopyrrole 


(4-Ethyl-2,3-di-  (3-Ethyl-2,4-di- 

methylpyrrole)  methylpyrrole) 

b.p.  88°  (12  mm.),  b.p.  96°  (16  mm.). 
Picrate:  m.p.  123°.  Picrate:  m.p.  140° 


(4-Ethyl-2, 3, 5-tri-  (4-Ethyl-3-methyl- 
methylpyrrole)  pyrrole) 

b.p.  90°(10  mm.);  b.p.  75°  (13.5  mm.). 

m.p.,  67°.  No  picrate. 

Picrate:  m.p.  104°. 
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The  preceding  four  alkylpyrroles  are  obtained  as  cleavage  products  of  physio¬ 
logically  important  pigments.  Hemin,  the  pigment  component  of  hemoglobin 
was  the  first  to  be  split  into  alkylpyrroles  and  pyrrolecarboxylic  acids  by  treatment 
with  boiling  Hi-glacial  acetic  acid  ( Nencki ,  Zaleski,  Ber.  34,  997).  The  same 
cleavage  products  result  from  the  metal-free  porphyrins,  the  bile  pigments, 
and  the  transformation  products  of  the  leaf  pigment  (chlorophyll) . 

Hemopyrrole  was  first  obtained  in  a  pure  condition  as  a  fission  product  of  hemin 
( Fischer ,  Bartholomaus,  Ber.  44,  3313).  It  is  synthesized  from  aminobutanone 
and  acetylpyruvic  acid  ester  ( Piloty ,  Blbmer,  Ber.  45,  3749)  or  from  4-isonitroso- 
3,5-heptanedione  and  acetoacetic  ester  ( Fischer ,  Andersag,  Ann.  450,  201). 

Cryptopyrrole  was  first  isolated  in  the  fission  of  bilirubin  and  was  later  found 
among  the  products  of  the  reductive  cleavage  of  blood  pigment.  It  is  synthesized 
from  isonitrosoacetone  or  aminoacetone  and  acetylacetone,  3-acetyl-2, 4-dimethyl- 
pyrrole  being  formed  first  ( Knorr ,  Hess,  Ber.  44,  2758;  Willstatter,  Asahina,  Ber. 
44,  3709),  or  from  isonitrosoacetoacetic  ester  and  acetylacetone  through  3-acetyl- 
2,4-dimethylpyrrole-5-carboxylic  acid  ethyl  ester  by  a  Wolff-Kishner  reduction 
( Fischer ,  Schubert,  Ber.  56,  1202;  57,  612). 

Phyllopyrrole  was  first  obtained  from  chlorophyll  and  hemin  ( Willstatter , 
Asahina,  Ann.  385,  188;  Ber.  44,  3707;  Fischer,  Bartholomaus,  Ber.  44,  3313). 
It  is  synthesized  from  cryptopyrrole  by  heating  with  sodium  methylate  in  an 
autoclave  ( Fischer ,  Bartholomaus,  Ber.  45,  466),  or  from  3-ethyl-2,4-dimethyl- 
pyrrole-5-carboxaldehyde  (cryptopyrrolealdehyde,  see  below)  with  hydrazine 
and  alcoholate  ( Fischer ,  Schubert,  Ber.  56,  1209),  or  from  2,4,5-trimethyl-3- 
acetylpyrrole  with  hydrazine  and  alcoholate  ( Fischer ,  Bartholomaus,  Z. physiol. 
Chem.  77,  185) . 

Opsopyrrole  was  first  described  as  a  fission  product  of  blood  pigment  ( Piloty , 
Stock,  Ber.  46,  1010);  this  was  later  confirmed  by  other  investigators  ( Fischer , 
Treibs,  Ann.  450,  133) .  It  is  synthesized  from  4-acetyl-3-methylpyrrole  ( Fischer , 
Sturm,  Friedrich,) Ann.  461,  244). 

2-Phenylpyrrole,  m.p.  129°,  b.p.  272°,  is  prepared  by  the  intramolecular  re¬ 
arrangement  of  1 -phenylpyrrole  by  heat  ( Soderbaum ,  Ber.  28,  1905).  2-Methyl- 
5-phenylpyrrole,  m.p.  101  °.  Tetraphenylpyrrole,  m.p.  211  °,  from  c^a'-dibenzoyl- 
bibenzyl  and  ammonia  ( Fehrlin ,  Ber.  22,  553).  2-(2-Pyridyl) -pyrrole,  m.p.  88° 
( Tschitschibabin ,  Bylinkin,  Ber.  56,  1747).  2-(3-Pyridyl)-pyrrole,  m.p.  72°,  is 
formed  by  the  rearrangement  of  1- (3 -pyridyl) -pyrrole;  the  methyl  iodide  of  its 
N -methyl  derivative  is  identical  with  the  nicotyrine  methyl  iodide  obtained  from 
nicotine  ( Soderbaum ,  Ber.  28,  1912). 

2.  HALOGEN  DERIVATIVES  OF  PYRROLE.  The  halogens  react  very 
energetically  with  pyrroles.  To  prevent  the  formation  of  tar,  the  halogenation 
must  be  done  in  dilute  solution.  Even  then,  all  the  available  hydrogen  atoms  of 
the  pyrrole  nucleus  will  be  immediately  replaced.  Chlorine  and  bromine  oxidize 
pyrrole  in  alkaline  solution  at  once,  and  convert  it  to  dichloro-  or  dibromomale- 
imide. 

Treatment  of  pyrrole  in  ether  solution  with  sulfuryl  chloride  (1,2,  and  3  mols) 
gives  2-chloro-,  2,5-dichloro-,  and  2,3,5-trichloropyrrole  as  very  unstable  liquids; 
with  4  mols  of  S02C12  tetrachloropyrrole  is  formed,  and  further  action  also  re¬ 
places  the  fifth  hydrogen  atom.  This  pentachloropyrrole,  which  can  also  be  ob¬ 
tained  from  succinimide  and  dichloromaleimide  with  PC15,  is  converted  to  di- 
chloromaleimide  by  boiling  in  water;  therefore  it  must  be  derived  from  the 

CC1— CC1  x 

desmotropic  form  II  of  pyrrole  (see  p.  29),  and  have  the  formula  || 

CC1— CC1/ 

{Anschutz,  Schroeter,  Ann.  295,  82). 

Tetrachloropyrrole,  C4C14NH,  m.p.  110°  (dec.),  sublimable,  white  needles, 
which  turn  black  after  a  short  time  due  to  spontaneous  decomposition.  Potas¬ 
sium  iodide  converts  it  to  iodole  (see  below) . 

Pentachloropyrrole,  C4C15N,  yellowish  oil,  b.p.  209°,  b.p.  90.5°  (10  mm.), 
gives  a  heptachloride  when  heated  with  PC15;  both  of  these  compounds  can  be 
reduced  to  tetrachloropyrrole. 

Tetraiodopyrrole,  iodole,  C4I4:NH,  yellowish  brown  prisms,  m.p.  140°  (dec.), 
is  best  prepared  by  treating  pyrrole  with  iodine  in  the  presence  of  alkali.  Tetra¬ 
iodopyrrole  is  odorless;  it  is  used  as  an  antiseptic,  having  the  same  action  as 
iodoform. 
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3.  NITROSO-  AND  NITROPYRROLES.  Since  pyrrole  and  its  homologues 

are  resinified  by  acids,  these  compounds  must  be  obtained  indirectly,  and  are 
easily  decomposed.  On  the  other  hand,  in  many  cases  acetyl  and  carboxyl  groups, 
and  sometimes  methyl  groups,  can  be  smoothly  replaced  by  N02  ( Fischer ,  Zer- 
weck,  Ber.  55,  1949) .  Pyrrole  and  its  homologues  with  a  free  methine  group  in  the 
/3-position  react  with  amyl  nitrite  and  sodium  ethylate  to  form  sodium  salts  of 

/CH — C :  N  ON  a 

3-isonit,rosopyrroles:  Ny  |  ,  which  are  derived  from  the  desmotro- 

\CH=CH 

pic  formula  III  of  pyrrole  (p.  29). 

For  the  sodium  salts  of  isonitrosopyrrole ,  2,4-  and  2, 5-dimethyl -3 -isonitroso- 
pyrrole,  see  Angeli,  Angelico,  Calvetto,  Atti  accad.Lincei  [5]  11,  II,  16;  Angelico, 
ibid.'  [5]  14,  I,  699;  Angelico,  Calvello,  Gazz.  34,  I,  38.  2,5-Dimethyl-3-iso- 
nitrosopyrrole  is  converted  by  hydroxylamine  to  the  trioxime  of  2,3,5-hexane- 
trione,  CH3CO-CO-CH2-COCH3  (cf.  p.  29). 

3-Nitropyrrole,  (C4H4N)N02,  bright  yellow  rhombohedrons,  m.p.  63°;  its 
sodium  salt,  (C4H3N)  :NOONa,  is  prepared  from  pyrrole  and  ethyl  nitrate  in  the 
presence  of  sodium  ethylate.  Nitro-2,4-dimethylpyrrole,  m.p.  111°  ( Angeli , 
Alessandri,  Atti  accad.Lincei  [5]  20,  I,  311). 

Dinitropyrrole ,  m.p.  152°,  is  prepared  from  pyrryl  methyl  ketone.  3,4- 
Dinitropyrrole,  m.p.  101°  (Hale,  Hoyt,  Am.  37,  2538).  2,4-Dimethyl-5-nitro- 
pyrrole -3 -carboxylic  acid  ethyl  ester,  m.p.  149°,  from  the  corresponding  5-acetyl- 
pyrrole  and  HN03  (d  =  1-4);  2,4-dimethyl-3-nitropyrrole-5-carboxylic  acid 
ethyl  ester,  m.p.  204°,  is  prepared  in  the  same  way;  2,4-dinitropyrrole-3,5-di- 
carboxylic  acid  ethyl  ester,  m.p.  136°,  from  2,4-dimethylpyrrole-3,5-dicarboxylic 
acid  ethyl  ester  by  removal  of  the  two  methyl  groups  ( Fischer ,  Zerweck,  Ber.  55, 
1954). 

4.  AMINOPYRROLES.  3 -Aminopyr roles  are  relatively  easy  to  obtain  by 
reduction  of  the  corresponding  nitropyrroles  with  Al-amalgam  in  ether  containing 
water  ( Fischer ,  Stern,  Ann.  446,  229).  2-Aminopyrroles  may  possibly  be  present 
in  the  reduction  products  of  2 -pyrroleazo  compounds  ( Fischer ,  Rothweiler,  Ber.  56, 
512). 

5.  PYRROLEAZO  COMPOUNDS.  Benzenediazonium  salts  couple  with 
pyrrole  and  its  homologues  to  give  monoazo  and  diazo  compounds,  which  are 
analogous  to  the  azo  dyestuffs  of  the  benzene  series  ( Fischer ,  Hepp,  Ber.  19, 
2251).  The  affinity  of  the  pyrroles  for  diazo  compounds  is  sometimes  so  great 
that  carboxyl  groups  in  the  2-position  are  displaced  by  the  azo  radical  (Fischer, 
Rothweiler,  Ber.  56,  513).  The  reaction  is  often  used  for  the  identification  of 
pyrroles  with  free  CH -groups,  with  diazobenzenesulfonic  acid  as  the  diazo  com¬ 
ponent.  It  can  also  serve  to  separate  tri-  and  tetra-substituted  pyrroles,  since 
the  latter  do  not  couple. 

6.  PYRROLEMETHANOLS  are  prepared  by  reduction  of  the  easily  obtained 
pyrrolecarboxaldehydes  with  aluminum  amalgam  (Fischer,  Stern,  Ann.  446,  229) ; 
aldol  condensation  of  pyrroles  having  a  free  2-position  with  formaldehyde  in  an 
alkaline  medium  yields  2 -pyrrolemethanols  [Tschelinzev,  Maxorov,  J.Russ.Phys. 
Chem.Soc.  48  (1916),  748;  Fischer,  Nenitzescu,  Ann.  443,  113]. 

Methanol  groups  in  the  2-position  are  remarkably  active.  On  storing  or 
heating,  2-pyrrolcmethanols  either  split  into  formaldehyde  and  a  pyrrole  with  a 
free  methine  group,  or  undergo  a  bimolecular  condensation  to  form  a  dipyrryl- 
methane  (Fischer,  Nenitzescu,  Ann.  443,  113) : 
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2, 4-Dimethyl -3 -carbethoxy-5-pyrrolemethanol,  m.p.  119°  (Fischer,  Nenitzescu, 
Ann.  443,  113).  2,5-Dimethyl-3-carbethoxy-4-pyrrolemethanol,  m.p.  131° 
(Fischer,  Stern,  Ann.  446,  234).  2-Methyl-3,5-dicarbethoxy-4-pyrrolemethanol, 
m.p.  132°  (Fischer,  Treibs,  Ann.  457,  246).  2,5-Pyrroledimethanol,  (C4H2NH)- 
(CH2OH)2:  Tschelinzev,  Maxorov,  J.Russ.Phys. Chem.Soc.  48  (1916),  748. 

7.  PYRROLECARBOXALDEHYDES.  This  class  of  compounds  serves  as 
starting  material  in  the  synthesis  of  the  acid  cleavage  products  of  blood  pigment. 
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and  a  good  method  of  preparation  is,  therefore,  highly  important.  The  reaction 
analogous  to  the  Reimer-Tiemann  synthesis  for  aromatic  hydroxyaldehydes 
(CHCI3  +  KOH)  gives  rather  low  yields.  The  best  method  consists  in  the  treat¬ 
ment  of  an  ether  or  chloroform  solution  of  the  pyrrole  with  hydrocyanic  acid  and 
hydrochloric  acid  ( Fischer ,  Zerweck,  Ber.  55,  1946).  Probably  formimide 
chloride  is  formed  as  an  intermediate  product. 
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(For  another  synthesis  of  pyrrolecarboxaldehydes,  see  Fischer,  Ernst,  Ann. 
447,  140.) 

Properties. — The  pyrrolecarboxaldehydes  behave  in  many  respects  like  other 
aldehydes,  oxidizing  to  the  corresponding  acid,  forming  oximes  and  phenyl  - 
hydrazones,  etc.  They  do  not,  however,  give  the  Angeli-Rimini  reaction  (Vol.  I, 
p.  130),  or  give  a  color  with  fuchsinsulfurous  acid.  The  aldehyde  group  is  re¬ 
duced  to  a  methyl  group  by  hydrazine  hydrate  and  sodium  ethylate.  The  most 
significant  reactions  of  these  compounds  are  the  formation  of  dipyrrylmethenes 
and  the  condensation  of  the  aldehyde  group  with  reactive  CH2-groups. 

2-Pyrrolecarboxaldehyde,  m.p.  45°  ( Bamberger ,  Djierdjian,  Ber.  33,  536; 
Fischer,  Belter,  Stern,  Ber.  61,  1078);  2,4-dimethyl-5-pyrrolecarboxa!dehyde, 
m.p.  90°  ( Fischer ,  Nenitzescu,  Ann.  443,  128);  2,4-dimethyl-3-ethyl-5-pyrrole- 
carboxaldehyde  {cryptopyrrolecarboxaldehyde) ,  m.p.  106°  ( Fischer ,  Schubert, 
Ber.  56,  1209) ;  2,3-dimethyl-4-ethyl-5-pyrrolecarboxaldehyde  ( hemopyrrole - 
carboxaldehyde) ,  m.p.  155°  ( Fischer ,  Stangler,  Ann.  459,  98);  2,4-dimethyl-5- 
formylpyrrole-3 -carboxylic  acid  ethyl  ester,  m.p.  165°  ( Fischer ,  Zerweck,  Ber. 
55,  1946);  2,5-dimethyl-4-formylpyrrole -3 -carboxylic  acid  ethyl  ester,  m.p.  151° 
{ibid.,  1948);  2,4,5-trimethylpyrrole-3-carboxaldehyde,  m.p.  141°  ( Fischer , 
Zerweck,  Ber.  56,  521);  2,4-dimethyl-3-formylpyrrole-5-carboxylic  acid  ethyl 
ester,  m.p.  145°  {Fischer,  Weiss,  Schubert,  Ber.  56,  1200) ;  5-formyl-4-methyl-3- 
pyrrolepropionic  acid  {formylopsopyrrolecarboxylic  acid),  m.p.  152°  {Fischer, 
Treibs,  Ber.  60,  379) ;  4,5-dimethyl-2-formyl-3-pyrrolepropionic  acid  {formylhe- 
vnopyrrolecarboxylic  acid) ,  m.p.  155°  {Fischer,  Platz,  Morgenroth,  Z. physiol. Chem. 
182,  280);  2,4-dimethyl-5-formyl-3-pyrrolepropionic  acid  {formylcryptopyrr ole- 
carboxylic  acid),  m.p.  151°  {Fischer,  Schubert,  Ber.  57,  615). 

8.  PYRRYL  KETONES  are  prepared:  (a)  by  heating  pyrrole  with  acid  an¬ 
hydrides,  together  with  N-acylpyrroles  (p.  31),  from  which  the  ketones  can 
also  be  obtained  by  an  intramolecular  rearrangement;  (6)  by  treatment  of  pyrryl- 
magnesium  iodide  (p.  31,  and  Oddo,  Ber.  43,  1012)  with  acid  chlorides  or  fatty 
acid  esters  {T schelinzev ,  Terentyev,  Ber.  47,  2647);  (c)  by  the  action  of  nitriles 
and  hydrochloric  acid  on  pyrroles,  analogous  to  the  formation  of  aldehydes;  {d) 
by  application  of  the  Friedel-Crafts  synthesis  {Fischer,  Z. physiol. Chem.  155,  99). 

In  addition  to  these  methods  of  preparation,  in  which  an  acyl  radical  is  intro¬ 
duced  into  a  pyrrole  having  a  free  CH  -group,  pyrryl  ketones  can  also  be  obtained 
by  direct  ring -synthesis.  The  most  important  method  consists  in  the  reduction 
of  a  mixture  of  an  isonitroso  ketone  and  a  l ,3 -diketone  in  acetic  acid  solution  with 
zinc  dust  {Knorr,  Ber.  44,  2760).  From  acetylacetone  and  isonitrosoethyl 
methyl  ketone,  S-acetyl-2,4,5-trimethylpyrrole  is  formed: 

ch3-coch2  o=c-ch3  h3coc-c - c-ch3 

I  +  1  +  2H2  - >  II  II  +  2H20 

h3c-co  c-ch3  h,c-c  c-ch3 

HON 
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The  principal  application  of  this  type  of  synthesis  is  in  the  preparation  of  pyrrole- 
carboxylic  acids  (see  below) . 

Properties. — C-Acetylpyrroles  are  oxidized  by  potassium  permanganate  to 
pyrroleglyoxylic  acids,  which  are  converted  to  pyrrolecarboxylic  acids  by  alkali 
fusion.  Higher  acyl  radicals,  from  propionyl  up,  are  often  split  off  by  the  action 
of  H2S04  ( Fischer ,  Andersag,  Ann.  450,  201).  With  benzaldehyde  they  condense 
to  characteristic  styryl  pyrryl  ketones,  such  as  C4H3NH  •  COCH :  CHCfiH5. 

Methyl  2-pyrryl  ketone,  2 -acetylpyrrole ,  m.p.  90°.  Ethyl  2-pyrryl  ketone, 
m.p.  52.5°.  "Propyl  2-pyrryl  ketone,  m.p.  48.5°.  Phenyl  2-pyrryl  ketone,  2- 
benzoylpyrrole,  m.p.  78°.  Benzyl  2-pyrryl  ketone,  m.p.  95°  (for  all  these 
ketones,  see  Oddo,  Ber.  43, 1014) .  Di-2 -pyrryl  ketone,  2-(2-pyrroyl)pyrrole,m.p. 
160°,  is  formed  together  with  l-(2 -pyrroyl  pyrrole,  m.p.  63°,  by  heating  1,1'- 
carbonyldi pyrrole  ( Ciamician ,  Magnaghi,  Ber.  18,419,  1829).  3, 5-Dimethyl -4- 
acetylpyrrole -2 -carboxylic  acid  ethyl  ester,  m.p.  143°  ( Zanetti ,  Levi ,  Gazz.,  24, 
I,  547). 

Bi-2-pyrroyl,  yellow,  m.p.  200°,  from  pyrrylmagnesium  iodide  and  oxalyl 
chloride.  2,5-Diacetylpyrrole,  m.p.  162°. 

9.  PYRROLECARBOXYLIC  ACIDS.  The  pyrrolecarboxylic  acids  resemble 
the  hydroxybenzoic  acids  and  are  produced  by  similar  reactions:  (a)  oxidation  of 
homologous  pyrroles  by  fusion  with  alkali;  ( b )  treatment  of  the  potassium  salt  of 
pyrrole  with  C02 : 

C4H4NK +C02  =  C4H3(C02K)NH 

( c )  reaction  of  pyrrylmagnesium  compounds  with  chloroformic  acid  ester. 

The  esters  of  homologous  pyrrolecarboxylic  acids  are  obtained  by  ring-synthesis : 

( d )  from  y-dioxomonocarboxylic  and  -dicarboxylic  acid  esters  with  alcoholic  am¬ 
monia;  instead  of  ammonia,  primary  amines,  amino  acids,  hydroxylamines,  or 
phenylhydrazines  can  be  used: 


h6c2o2coh— coch3  NH2r  h5c2o2cc=c^ - CII3 

I  - — >  I  >NR 

h5c2o2cch— coch3  h5c2o2cc=c^ - ch3 

(e)  By  reduction  of  an  equimolar  mixture  of  isonitrosoacetoacetic  ester  and  aceto- 
acetic  ester  ( Knorr ) : 

ch3co  h  ch3co  ch2co2r  ch3c- — cco2r 

I  - >  I  + 1  - >  II  II 

R02CC:NOH  R02CCHNH2  COCH3  R02CC-NH-CCH3 

The  last  step  in  this  synthesis  is  the  reaction  between  the  amino  ketone,  formed 
in  the  first  part  of  the  synthesis,  and  the  second  component,  which  can  be  a  ke¬ 
tone  (p.  32),  an  oxocarboxylic  acid  ester,  or  a  1,3-diketone  (p.  31).  Its 
wide  range  of  application  makes  it  one  of  the  most  important  methods  for  the 
preparation  of  pyrroles. 

(/)  Closely  related  to  the  above  synthesis  is  the  formation  of  pyrroles  by  the 
reaction  of  chloro  ketones  and  acetoacetic  ester  with  ammonia.  This  rather 
unusual  synthesis  yields  /3-aminocrotonic  acid  ester  as  an  intermediate  product 
( Hantzsch ,  Ber.  23,  1474;  Korschun,  Ber.  38,  1125;  Benary,  Ber.  44,  493). 
Furan  derivatives  are  obtained  as  side-products. 

ch2ci  hc-cooc2h5  ch - C-COOC2H5 

I  +  II  - >  II  II 

h3c-co  h2n-c-ch3  h3c-c  c-ch3 


H 


A  Large  number  of  pyrroles  can  be  prepared  by  this  reaction,  using  as  starting 
materials  various  chloro  ketones,  chloro-oxo-carboxylic  acids  and  chloroacetalde- 
hyde,  which  reacts  as  the  asym.  dichloro  ether  ( Natterer ,  Mo.  5,  491).  Hydroxy 
ketones  can  be  used  in  place  of  chloro  ketones. 

Properties. — In  the  saponification  of  pyrrolepolv carboxylic  acid  esters,  car- 
bethoxy  groups  in  the  2-position  are  attacked  first,  which  makes  possible  the 
preparation  of  ester-carboxylic  acids.  With  concentrated  sulfuric  acid,  however, 
the  4-carbethoxy  group  in  3,5-dimethylpyrrole-2,4-dicarboxylic  acid  ethyl  ester  is 
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saponified  first  ( Fischer ,  Walach,  Bcr.  58,  2820).  Pyrrolecarboxylic  acids  are 
decarboxylated  on  heating,  leaving  the  corresponding  pyrroles.  Pyrrolecarboxylic 
acids  are  readily  converted  by  loss  of  water  to  dimolecular  anhydrides,  which  are 
called  pyrocolls  because  they  are  also  obtained  in  the  distillation  of  glue  {xoWa). 

(а)  Carboxylic  acids  with  the  carboxyl  group  on  the  nucleus. 

2- Pyrrolecarboxylic  acid,  m.p.  192°  (dec.  207°)  ( Bamberger ,  Djierdjian,  Ber. 
33,  541)  is  obtained  in  the  form  of  its  amide,  m.p.  176°,  together  with  pyrrole, 
by  heating  ammonium  mucate.  Chloride,  m.p.  110°;  hydrazide,  m.p.  232°; 
azide,  C4H3NHCON3,  converted  to  2-pyrrolecarbamic  acid  ethyl  ester, 
(C4H3NH)NH -C02C2H5,  m.p.  56°,  by  boiling  with  alcohol. 

/NC  4H3s 

Pyrocoll,  CO/  /CO,  m.p.  268°,  is  produced  in  the  distillation  of  glue, 

xC4H3N/ 

and  is  prepared  by  warming  2-pyrrolecarboxylic  acid  with  acetic  anhydride. 

3 - Pyrrolecarboxylic  acid,  m.p.  162°,  is  prepared  by  treating  the  potassium  salt 
of  pyrrole  with  C02  at  200°  or  pyrrylmagnesium  bromide  with  C02  at  250°,  or  by 
fusing  3-methylpyrrole  with  potassium  hydroxide. 

2.5- Pyrroledicarboxylic  acid  turns  black  at  260°. 

2-Methylpyrrole-3-carboxylic  acid,  m.p.  169°.  4 -Methylpyrr ole -3 -carboxylic 
acid,  m.p.  149°.  4,5-Dimethylpyrrole-3-carboxylic  acid,  m.p.  188°,  from  the 
dicarboxylic  acid  by  decarboxylation.  2,5-Dimethylpyrrole-3,4-dicarboxylic  acid, 
m.p.  250  ° ;  its  diethyl  ester  is  formed  by  the  action  of  ammonia  on  diacetylsuccinic 
acid  ester.  2, 4-Dimethylpyrrole -3 -carboxylic  acid,  m.p.  183°  ( Piloty ,  Hirsch, 
Ann.  395,  70),  and  3,5-dimethylpyrrole-2-carboxylic  acid,  m.p.  136°  ( Fischer , 
Weiss,  Schubert, Jier.  56,  1199),  both  from  3,5-dimethylpyrrole-2,4-dicarboxylic 
acid  ester,  m.p.  136°  ( Knorr ,  Hess,  Ber.  45,  2629).  3, 5-Dimethyl -4-vinylpyr- 

role -2 -carboxylic  acid,  m.p.  102°  ( Fischer ,  Walach,  Ber.  58,  2821). 

(б)  Carboxylic  acids  with  the  carboxyl  group  in  the  side -chain. 

3.5- Dicarboxy-2,4-pyrrolediacetic  acid,  m.p.  220°  (dec.),  from  the  tetraethyl 
ester,  m.p.  113°  {Feist,  Ber.  35,  1557). 

Several  acids  of  this  type,  having  a  propionic  acid  residue  in  the  3 -position,  are 
cleavage  products  of  the  blood,  bile,  and  plant  pigments  (p.  41  and  Vol.  I,  p.  751) . 
The  following  four  acids,  which  are  carboxylic  acid  derivatives  of  the  homolo¬ 
gous  pyrroles  described  on  p.  32,  have  been  so  obtained: 
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Opsopyrrolecarboxylic  acid 

4-M  ethyl-3 -pyrrolepropionic  acid,  m.p. 
119°  {Bergmann,  et  al.,  Ann.  450,  144). 
Prep,  from  cryptopyrrolecarboxylic 
acid :  Fischer,  Larnatsch,  Ann.  462,  240. 
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Cryptopyrrolecarboxylic  acid 

2, 4- Dimethyl-3 -pyrrolepropionic  acid, 
m.p.  141°;  picrate,  m.p.  156°  {Piloty, 
Thannhauser,  Ann.  390,  191;  Fischer, 
Rose,  Ber.  47,  792).  Synthesis: 
Fischer,  Weiss ,  Ber.  57,  602. 
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Hemopyrrolecarboxylic  acid 

4, 5 -Dimethyl-3  -pyrrolepropionic  acid, 
m.p.  130°;  picrate  m.p.  163°  {Piloty, 
Ann.  366,  237 ;  Piloty,  et  al.,  Ann.  406, 
342).  Synthesis:  Fischer,  Treibs, 
Ber.  60,  379;  Fischer,  Larnatsch,  Ann. 
462,  248. 


h3c - C2H4-COOH 


H 


Phyllopyrrolecarboxylic  acid 

2,4,5- Trimethyl-3-pyrrolepropionic  acid, 
m.p.  88°;  picrate,  m.p.  124°  {Piloty, 
Dormann,  Ber.  46,  1007).  Synthesis: 
Fischer,  Nenitzescu ,  Abn.  439,  175. 
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Xanthopyrrolecarboxylic  acid,  2-ethylA-mcthyl-3-pyrrolepropionic  acid ,  m.p. 
126°,  had  been  assumed  for  some  time  to  be  a  cleavage  product  of  blood  pigment 
( Piloty ,  Stock,  Dormann,  Ann.  406,  343) ;  more  recent  experimental  results  dis¬ 
prove  this.  Synthesis:  Fischer,  Klarer,  Ann.  447,  62. 


Compounds  Containing  Pyrrole  Rings  Joined  by  =CH2  or  =CH 

Compounds  of  this  class  have  a  special  significance  because  of  their  relation  to  • 
blood  pigment.  Hemin,  the  pigment  component  obtained  from  hemoglobin  with 
glacial  acetic  acid -hydrochloric  acid,  decomposes  on  total  reductive  degradation 
into  basic  and  acid  pyrrole  fragments,  whose  sum  always  indicates  the  presence 
of  four  pyrrole  nuclei  in  the  hemin  molecule  (p.  33,  and  Vol.  I,  p.  750).  The 
presence  of  a  methyl  group  in  the  2 -position  in  most  of  the  pyrrole  fragments  sug¬ 
gested  that  a  linkage  of  this  type: 


14] 

15] 


13]  [3'] 


^n/  [2H2o\n/> 

U]H  H^'l 


[4'] 

15'] 


held  the  pyrrole  nuclei  together  in  the  hemin  molecule.  This  conception,  to¬ 
gether  with  the  analytical  results  and  the  oxidative  degradation  (hematinic  acid, 
Vol.  I,  p.  750),  led  to  the  first  formulation  of  a  structure  for  hemin  [ Kuster ,  Ber. 
deut.pharm.Ges.  21  (1912),  513], 

This  linkage  was  verified  experimentally  by  the  isolation  of  bili- 
rubic  acid  from  bile  pigment,  which  is  closely  related  to  blood  pigment, 
simultaneously  by  H.  Fischer  and  Rose  (Z. physiol. Chem.  89,  256; 
Ber.  45,  1581)  and  by  Piloty  and  Thannhauser  (Ann.  390,  191). 
Bilirubic  acid  was  proved  by  Fischer  to  be  a  dipyrrylmethane  deriva¬ 
tive1  with  this  formula: 


H3C 
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The  dipyrrylmethanes  (methylenedipyrroles)  and  their  dehydro¬ 
genation  products,  the  dipyrrylmethenes  (pyrrylmethylenepyrro- 
lenines)  have  therefore  been  the  subject  of  many  investigations. 

Preparation . — The  dipyrrylmethanes  were  first  synthesized  by  the  condensa¬ 
tion  of  benzaldehyde  with  pyrroles  having  a  free  methine  group  in  the  presence  of 
potassium  bisulfate  (Feist,  Ber.  35,  1647) ;  later  they  were  obtained  from  formal¬ 
dehyde,  pyrroles,  and  alcoholic  hydrochloric  acid  ( Colacicchi ,  Atti  accad.Lincei 
[5]  20,  II,  312;  Fischer,  Bartholomaus,  Z. physiol. Chem.  83,  50).  2-Pyrryl- 
metlianols  readily  split  off  formaldehyde  to  form  dipyrrylmethanes  ( Fischer , 
Nenitzescu,  Ann.  443,  113).  A  similar  reaction  converts  2-bromomethylpyrroles 
to  dipyrrylmethanes  (Fischer,  Walach,  Ann.  450,  111). 

Properties. — The  colorless  dipyrrylmethanes  are  split  at  the  methane  linkage  by 
HI -glacial  acetic  acid,  the  methyl  group  being  left  at  the  2 -position  of  one  pyrrole 
nucleus  and  a  hydrogen  at  the  2-positioi}  of  the  other: 
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For  the  conversion  into  dipyrrylmethenes  with  oxidizing  agents,  see  below. 

3,5,3  ',5 '-Tetramethyl-2,2 '-pyrromethane,  2,2 '  -methylene-bis-(3 ,5-dimethylpyr- 
role) ,  m.p.  140°  ( Fischer ,  Bartholomaus,  Z.physiol.Chem.  83,  51). 

4,4'-Dimethyl-5,5'-dicarboxy-2,2'-pyrromethane-3,3 '-dipropionic  acid,  m.p. 
176°  (dec.)  ( Fischer ,  Andersag,  Ann.  450,  217). 

S^'-DimethylM^'-diethyl-S^'-dicarboxy^^'-pyrromethane,  m.p.  211  °. 

3,5,3',5'-Tetramethyl-2,2'-pyrromethane-4,4'-dicarboxylic  acid  diethyl  ester, 
m.p.  223°  ( Fischer ,  Rose,  Ber.  47,  792). 

3,5,3  ',5 '-Tetramethyl-2,2 '-pyrro-phenylmethane-4, 4 '-dicarboxylic  acid  diethyl 
ester,  m.p.  188°  (Feist,  Ber.  35,  1653). 

Bilirubic  acid,  m.p.  187°  (formula  shown  on  p.  38),  is  formed  when  bilirubin 
is  split  in  two  by  the  action  of  HI -glacial  acetic  acid.  On  oxidation  it  is  con¬ 
verted  to  methylethylmaleimide  and  hematinic  acid  (Knorr,  Hess,  Ber.  45,  1579)  .• 
Milder  oxidation  gives  the  yellow  xanthobiliiubic  acid,  m.p.  274°  ( Fischer , 
Rose,  Ber.  46,  440),  which  can  also  be  obtained  directly  from  mesobilirubinogen 
(Vol.  I,  p.  753)  by  treatment  with  potassium  methylate  ( Fischer ,  Rose,  Z. physiol. 
Chem.  89,  260).  The  xanthobilirubic  acid  is  converted  back  to  bilirubic  acid 
by  sodium  amalgam.  Very  energetic  treatment  with  glacial  acetic  acid  and 
potassium  iodide  splits  bilirubic  acid  into  cryptopyrrole  and  cryptopyrrole  - 
carboxylic  acid  ( Fischer ,  Rose,  Ber.  45,  3274) .  Heating  with  potassium  methylate 
removes  only  the  acid  component,  as  phyllopyrrolecarboxylic  acid  (Fischer, 
Rose,  Z.physiol.Chem.  89,  260). 

Neobilirubic  acid,  m.p.  187°,  is  obtained,  together  with  bilirubic  acid,  by 
treatment  of  mesobilirubin  with  Hl-glacial  acetic  acid,  and  also  from  neoxan- 
thobilirubic  acid  by  reduction  with  sodium  amalgam.  Its  formula  is  the  same 
as  that  of  bilirubic  acid,  but  with  the  2-methyl  group  replaced  by  a  free  iCH- 
group.  Its  constitution  is  shown  by  the  formation  of  hemopyrrolecarboxylic  acid 
(p.  37)  on  reductive  degradation  with  hydrogen  iodide.  Mild  oxidation  with 
potassium  methylate  gives  neoxanthobilirubic  acid,  m.p.  227°,  which  is  also 
obtained  by  the  fusion  of  mesobilirubin  with  resorcinol.  Mesobilirubin  (Vol.  I, 
p.  753)  can  be  synthesized  by  the  condensation  of  this  acid  with  formaldehyde: 
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Mesobilirubin 
(R  =  CH2-CH2-COOH) 


These  reactions  also  determine  the  fundamental  structure  of  bilirubin  (bile 
pigment),  the  important  regenerative  component  of  blood  pigment;  its  constitu¬ 
tion  has  been  further  verified  by  partial  synthesis  (Fischer,  Hess,  Z.physiol.Chem. 

194,  193). 

DIPYRRYLMETHENES,  pyrrylmethylenepyrrolenines,  contain  two  pyrrole 
nuclei  joined  by  a  methine  linkage,  usually  in  the  2-positions.  They  are  prepared : 
( 1 )  By  mild  oxidation  (ferric  chloride)  of  dipyrrylmethanes  in  acid  solution 
(Piloty,  Krannich,  Will,  Ber.  47,  2544).  (2)  From  two  mols  of  pyrrolecarboxai- 

dehyde  by  splitting  off  of  formic  acid  (Fischer,  Zerweck,  Ber.  55,  1942) : 
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The  production  of  dipyrrylmethenes  from  pyrrolecarboxaldehydes  and  trisub  - 
stituted  pyrroles  or  pyrrolecarboxylic  acids,  such  as  crypto-  or  hemopyrrole- 
carboxylic  acid,  is  particularly  important.  For  the  preparation  of  unsymmetrical 
methenes,  see  Fischer,  Schubert,  Ber.  56,  1204.  (3)  By  direct  condensation 

of  trisubstituted  pyrroles  with  concentrated  formic  acid  and  48%  HBr;  this  re¬ 
action  is  also  possible  with  tetrasubstituted  pyrroles  if  the  2-position  is  occupied 
by  — COOH  or  — COOC2H5  ( Fischer ,  Friedrich,  Lamatsch,  Morgenroth,  Ann.  466, 
165) .  (4)  By  the  action  of  excess  bromine  on  certain  2-methylpyrroles,  such  as 

cryptopyrrole. 

The  highly  colored  dipyrrylmethenes  form  salts  with  mineral  acids,  and  char¬ 
acteristic  complex  salts  with  iron,  copper,  magnesium,  etc.  ( Fischer ,  Schubert, 
Ber.  56,  1205;  Fischer,  Ammann,  Ber.  56,  2324). 

3,3'-Diethyl-4,4',5,5'-tetramethyl-2,2'-pyrromethene,  2-{4:,5-dimethyl-3-ethyl- 
2 -pyrrylmethylene)  A, b -dimethyl-3 -ethylpyrr  olenine) ,  m.p.  108°  ( Piloty ,  Stock, 
Dormann,  Ber.  47,  400;  Fischer,  Schubert,  Ber.  57,  614).  3,3',5,5'-Tetramethyl- 
2,2'-pyrromethene,  m.p.  117°  ( Fischer ,  Weiss,  Schubert,  Ber.  56,  1199).  4,4'- 

Dicarbethoxy-3,3',5,5'-tetramethyl-2,2'-pyrromethene,  red  needles,  m.p.  190° 
{Fischer,  Zerweck,  Ber.  56,  526).  4,4 '-Diethyl-3 ,3 ',5,5 '-tetramethyl-2, 2 '-pyrro- 

methene,  perchlorate,  red  needles,  dec.  240°  {Fischer,  Schubert,  Ber.  56,  1210). 

TRIPYRRYLMETHANES  {methylidynetripyr roles)  are  produced  by  the  action 
of  chloroform  and  KOH  on  trisubstituted  pyrroles  {Fischer,  Ammann,  Ber.  56, 
2319).  A  better  method  is  the  condensation  of  trisubstituted  pyrroles  with 
pyrrole  aldehydes  in  the  presence  of  potassium  bisulfate  {Fischer,  Ammann,  Ber. 
56,  2319;  Fischer,  Heyse,  Ann.  439,  246) . 

The  tripyrrylmethanes  are  colorless.  They  are  split  by  concentrated  hydro¬ 
chloric  acid  into  dipyrrylmethanes  and  trisubstituted  pyrroles. 

5,5',5"-Methylidynetris-[3-acetyl-2,4-dimethylpyrrole] ,  tris(4-acstyl-3,5-di- 
methyl-2-pyrryl)  methane,  colorless  prisms,  m.p.  265°  {Fischer,  Ammann,  Ber. 
56,  2325) . 

5,5',5"-Methyiidynetris-[2,4-dimethyl-3-pyrrolecarboxylic  acid]  triethyl  ester, 
tris(4-carbethoxy-3,5-dimethyl-2-pyrrvl)methane,  m.p.  194°. 

Compounds  containing  four  pyrrole  nuclei  are  of  particular  interest,  since  he- 
min  is  of  this  type.  The  following  diagrams  indicate  schematically  four  possible 
structures  for  such  compounds,  in  which  the  nuclei  are  always  joined  at  the  2- 
position : 


type 


II  II  H  H 


II.  Linear  chain  of  four  pyrroles 
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III.  Tetrapyrrylethane  type 


IV.  Type  II  closed  to  a  ring 
\ 


No  tetrapyrrylmethanes  are  yet  known.  A  compound  of  type  II  has  been  re¬ 
ported  by  Fischer  and  Scheyer  (Ann.  434,  237),  and  is  also  present  in  mesobili- 
rubin  (p.  39). 

The  tetrapyrrylethane  structure  is  of  greater  significance  than  the  first  two, 
since  it  has  been  assumed  to  be  the  skeleton  for  etioporphyrin  by  Willstatter 
(1913)  (see  Untersuchungen  iiber  Chlorophyll ,  p.  39,  and  Ber.  56,  2380) ,  and  for  the 
blood  and  bile  pigments  by  H.  Fischer  (Z. physiol. Chem.  89,  261,  263).  The 
correctness  of  these  assumptions  was  tested  by  synthesis  of  this  type  of  tetra- 
pyrrylethanes  and  -ethylenes. 

Preparation .— Tetrapyrrylethanes  are  obtained  by  the  reaction  of  trisubstituted 
pyrroles  with  glyoxal  or  glyoxal  sulfate  (Vol.  I,  p.  398)  in  the  presence  of  de¬ 
hydrating  agents  ( Fischer ,  Eismayer,  Ber.  47,  2019;  Fischer,  Schubert,  Ber.  56, 
2379;  Fischer,  Beller,  Ann.  444,  238). 

If  the  formulas  proposed  by  Willstatter  and  by  Fischer  for  the  physiologically  im¬ 
portant  pigments  were  correct,  then  their  leuco  derivatives  should  resemble  the 
synthesized  tetrapyrrylethanes.  They  do  not.  Attempts  to  dehydrogenate  tetra¬ 
pyrrylethanes  in  acid  solution  often  cause  fracture  of  the  molecule  to  dipyrryl- 
methenes  ( Fischer ,  Schubert,  Ber.  56,  2379).  Hl-glacial  acetic  acid  also  breaks 
the  ethane  linkage,  with  formation  of  monocyclic  pyrroles.  _  Only  in  a  few  cases 
does  dehydrogenation  remove  two  hydrogen  atoms  from  the  ethane  bridge  to 
leave  yellow  tetrapyrrylethylenes  ( Fischer ,  Beller,  Ann.  444,  238). 

Tetrakis-(3-carbethoxy -2, 4-dimethyl-5-pyrryl) -ethane,  colorless  platelets,  m.p. 
282°. 

The  fourth  type  of  structure  shown  above  has  been  proposed  by  Kilster 
[Ber.deut.pharm.Ges.  21  (1912),  513]  as  the  formula  for  hemin.  In  the  follow¬ 
ing  formula,  R  =  —  CH2  •  CH2  •  COOH . 


Hemin  (according  to  Kilster,  but  with  the  substituents  correctly  placed) 


This  formula  is  essentially  a  cyclic  pyrrole  complex  with  methine  bridges 
between  the  2-carbon  atoms.  It  takes  into  account  the  results  obtained  by  anal¬ 
ysis  and  by  oxidative  and  reductive  degradation  of  hemin. 
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Subsequent  investigation  of  the  structure  of  the  blood  pigment  has  shown  that 
Kiister’s  formula  is  basically  correct.  A  conclusive  proof,  as  in  many  other  cases, 
can  be  obtained  only  by  synthesis.  As  a  foundation  for  such  a  synthesis,  a  broad 
development  of  the  chemistry  of  simple  pyrroles  was  necessary ;  this  was  provided 
in  the  work  of  H.  Fischer,  particularly  in  the  synthesis  of  the  acid  components  of 
the  blood  pigment. 

Elimination  of  iron  from  hemin  leaves  metal-free  compounds,  which  are  called 
porphyrins  (iropcpup  purple) .  By  removal  of  the  side-chains  the  tetracyclic 
parent  compound,  porphine,  is  obtained  (see  Vol.  I,  p.  751). 


Porphyrins  are  prepared  from  this  parent  compound  by  the  introduction  of 
substituents  in  the  /3-positions,  which  are  numbered  from  1  to  8.  Alkyl  groups 
in  these  positions  give  basic  porphyrins,  and  alternate  alkyl  and  propionic  acid 
or  methylmalonic  acid  groups  give  acid  porphyrins.  Some  porphyrins  contain 
free  methine  groups  (deuteroporphyrins) .  Hemins  are  obtained  by  introducing 
iron  into  porphyrins,  and  phyllins,  by  introducing  magnesium.  It  is  apparent 
from  the  formula  of  the  porphine  nucleus  that  there  are  four  isomers  possible  for 
a  tetramethyltetraethylporphyrin  (an  etioporphyrin) ,  if  each  ring  is  substituted 
by  one  methyl  and  one  ethyl  group : 


Etioporphyrin  I :  l,3,5,7-tetramethyl-2,4,6,8-tetraethylporphine 

“  II:  1, 4,5,8- 

i  < 

-2 ,3,6, 7- 

“  III:  1, 3,5,8- 

i  < 

-2, 4,6,7- 

“  IV:  1,4, 6, 7- 

i  < 

-2, 3, 5, 8- 

The  same  numbers  can  be  used  for  the  four  isomers  of  coproporphyrin,  with 
“tet,rakis-(/3-carboxyethyl)  ”  in  place  of  “tetraethyl-”;  two  of  these  isomers  (I 
and  III)  have  been  isolated  from  the  urine  of  patients  suffering  from  porphyria. 

An  added  proof  for  the  correctness  of  the  porphine  formula  is  the  existence  of 
all  the  isomers  predicted  by  it,  which  have  been  made  accessible  by  the  synthetic 
work  of  H .  Fischer. 


Synthesis  of  Porphine  Derivatives 


Syntheses  of  porphine  derivatives  usually  start  from  bicyclic  dipyrrylmethanes 
or  -methenes.  Of  the  numerous  methods  which  have  been  used  only  those  having 
the  widest  application  will  be  given  here. 

1.  Etioporphyrin  I  (see  above)  was  first  prepared  by  the  action  of  concen¬ 
trated  sulfuric  acid  on  2  mols  of  brominated  cryptopyrrylmethene,  2-(3-ethyl-4- 
methyl-5-bromo-2-pyrrylmethylene)-3,5-dimethyl-4-ethylpyrroienine  ( Fischer , 
Klarer,  Ann.  448,  178) : 
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Other  porphyrins  can  be  obtained  by  using  various  methenes  in  this  reaction. 

2.  The  formation  of  etioporphyrin  I  by  the  condensation  of  opsopyrrole  (4- 
ethy  1-3 -methyl pyrrole),  formaldehyde  and  formic  acid  is  a  clear-cut  synthesis 
( Fischer ,  Andersag,  Ann.  450,  204;  Fischer,  Halbig,  Walach,  Ann.  452,  268) 


CH3 - C2H5  H3C - C2H5 
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3 .  A  porphyrin  synthesis  of  wide  applicability  consists  in  fusing  in  succinic 
acid  a  dipyrrylmethene  having  two  bromine  atoms  substituted  on  the  nucleus 
with  a  dipyrrylmethene  brominated  in  a  methyl  group.  For  etioporphyrin  II 
the  reaction  is  this : 
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Hemin  is  derived  from  a  compound  similar  to  etioporphyrin  III,  formulated 
on  p.  42,  but  with  the  ethyl  groups  in  the  2-  and  4-positions  replaced  by  vinyl 
groups.  Elimination  of  the  iron  in  hemin  leaves  the  corresponding  protopor¬ 
phyrin:  2,4-divinyl-l,3,5,8-tetramethylporphine-6,7-dipropionic  acid.  The 

direct  synthesis  of  porphyrins  having  unsaturated  side-chains  has  not  been  accom¬ 
plished  up  to  the  present  time.  However,  it  is  possible  to  synthesize  porphyrins 
containing  free  methine  groups,  for  example,  in  positions  2  and  4  of  the  porphine 
nucleus;  these  are  termed  deuteroporphyrins.  The  deuteroporphyrin  corre¬ 
sponding  to  etioporphyrin  III,  which  has  been  synthesized  ( Fischer ,  Kirstahler, 
Ann.  466,  183),  can  be  converted  to  protoporphyrin  by  intermediate  formation 
of  2 ,4  -diacetyl deuteroporphyrin . 

The  complete  synthesis  of  protoporphyrin  and  of  hemin  follows  this  course 
{Fischer,  N.  1929,  616;  Fischer,  Zeile,  Ann.  468,  114): 
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2,3-Dimethyl-  3,5-Dimethyl-2- 

pyrrole  pyrrolecarboxaldehyde 


H  /  \ 

II  Br 

4,5„3',5'-Tetramethyl-2,2,-pyrro- 
methene  (I,  Basic  Component) 


h3c 

h6c2ooc 


sN/ 

H 


-CH2*CH2-COOH 

CII3 


Bf2 


h3c 

h6c2ooc 


CH2-CH2COOH 

CII2Br 


H 


5-Carbethoxy-2,4-dimethyl-3- 
pyrrolepropionic  acid 


2-Bromomethyl  derivative 
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5, 5'-Dicarbethoxy-4, 4 '-dimethyl-2, 2 '-pyrromethane-3,3'-dipropionic  acid 
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Free  tetracarboxylic  acid 
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5, 5'-Dibromo-4, 4 '-dimethyl-2, 2'-pyrromethene-3,3'-dipropionic  acid 
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The  two  vinyl  groups  are  introduced  into  positions  2  and  4  in  this  way : 


Deuteroporphyrin 

(Contains  2  free  methine  groups  in  the  2-  and 
4-positions) 


H  0(C0CH3)2 
SnCl4 


-►  =|CO-CH3 
Diacetyldeuteroporphyrin 


Reduction  with  potassium  and  alcohol  gives : 


(R  =  — CH2-CH2-COOH) 


Protoporphyrin  (introduction  of  iron  - >  hemin) 

(CH:CH2 -  — >  C2H5,  mesoporphyrin ) 
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CHLOROPHYLL.  The  principal  facts  concerning  this  pigment  of  all  green 
plants  have  been  given  in  Vol.  I,  p.  552.  Intensive  investigation  of  the  constitu¬ 
tion  of  chlorophyll  has  clarified  the  constitution  of  several  of  the  degradation 
products.  For  example,  phytol  (Vol.  I,  p.  152)  has  been  synthesized  ( Fischer , 
Lowenberg ,  Ann.  475,  183).  The  molecular  formulas  of  phytochlorine  e  (chlorine 
e6)  and  phytorhodine  g  have  been  corrected  to  C35H40O7N4  and  C35H  380  8N4,  re¬ 
spectively,  from  the  earlier  ones  C34H36O6N4  and  C34LI34O7N4  ( Treibs ,  Wiedemann, 
Ann.  466,  264) . 

The  most  important  advances  in  clarifying  the  constitution  of 
chlorophyll  concern  the  porphyrins  formed  by  alkaline  degradation  of 
phytochlorine  e  and  phytorhodine  g.  On  heating  with  KOH  in 
methyl  alcohol,  these  first  form  dicarboxylic  acids,  verdoporphyrin 
and  rhodoporphyrin,  C32H34O4N4;  then  monocarboxylic  acids,  phyllo- 
porphyrin  and  pyrroporphyrin,  C31H34O2N4.  Phylloporphyrin  is  con¬ 
verted  into  pyrroporphyrin,  which  is  the  most  stable  porphyrin  under 
the  conditions  of  alkaline  degradation. 

Phyllo-  and  pyrroporphyrin,  which  are  monocarboxylic  acids,  can 
be  decarboxylated  to  phylloetioporphyrin,  C30H34N4,  and  pyrro- 
etioporphyrin,  C30H34N4,  respectively;  the  products  are  acid-free 
elementary  porphyrins  of  the  chlorophyll  series.  The  earlier  con¬ 
clusion,  that  etioporphyrin  from  plant  pigment  has  the  same  empirical 
formula  as  that  from  blood  pigment,  has  not  been  verified  subse¬ 
quently.  Etioporphyrin  from  blood  pigment,  C32H38N4,  and  etio¬ 
porphyrin  from  chlorophyll,  C30H34N4,  differ  by  C2H4,  which  cor¬ 
responds  to  the  removal  of  a  free  methine  group  in  a  2-position. 

The  arrangement  of  the  side-chains  in  the  porphyrins  derived  from 
chlorophyll  has  been  determined  by  synthesis  (synthesis  of  rhodo- 
and  pyrroporphyrin:  Fischer,  Berg,  Schormuller ,  Ann.  480,  113;  for 
the  synthesis  of  the  porphine  nucleus,  see  p.  42) : 


Pyrroporphyrin:  C31H34O0N4 
2,4-Diethyl-l,3,5,8-tetramethylporphine-7-propionic  acid 


Rhodoporphyrin:  C32II34O4N4 

6-Carboxy-2,4-diethyl-l,3,5,8-tetramethylporphine-7-propionic  acid 
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Pyrroetioporphyrin,  C30H34N4,  is  formed  from,  pyrroporphyrin  by 
decarboxylation,  the  propionic  acid  group  being  converted  into  an 
ethyl  group. 

These  results  show  that  the  blood  pigment  porphyrins  and  the 
chlorophyll  porphyrins  have  the  same  sequence  of  substituents  in  the 
/3-positions,  as  well  as  the  same  porphine  nucleus  (see  p.  42).  Both 
classes  of  porphyrins  are  related  to  etioporphyrin  III  (see  p.  42). 

HYDROPYRROLES.  Reduction  of  pyrrole  and  homologous 
pyrroles  with  zinc  dust  and  acetic  acid  or  mineral  acids  ( Knorr , 
Robe,  Ber.  34,  3491;  Ciamician,  Ber.  34,  3952),  or  by  electrolysis  in 
slightly  acid  solution  (Ger.  Pat.  127086,  1901),  gives  dihydropyrroles 
(pyrrolines) .  Two  more  hydrogen  atoms  are  added  through  the  action 
of  HI  and  phosphorus,  yielding  tetrahydropyrroles  (pyrrolidines), 
which  are  also  obtained  directly  by  reduction  of  pyrroles  with  hydro¬ 
gen  over  finely  divided  nickel  at  190°  (Putochin,  Ber.  55,  2742),  and 
with  hydrogen  and  platinum  black  in  acetic  acid  solution  (Will- 
statter,  Hatt,  Ber.  45,  1477;  Hess,  Ber.  46,  3120).  'The  addition  of 
hydrogen  changes  the  nature  of  pyrrole  considerably.  While  pyrrole 
is  a  very  weak  base,  the  pyrrolines  and  pyrrolidines  behave  like  the 
strongly  basic  secondary  amines  of  the  aliphatic  series. 

In  the  transition  from  pyrroles  to  pyrrolines,  the  addition  of  hydrogen  probably 
takes  place  in  the  1,4-positions,  as  in  other  compounds  with  conjugated  double 
bonds  (Vol.  I,  p.  28),  with  the  formation  of  2, 5 -dihydropyrrole  (3-pyrroline) . 

2-PYRROLINES,  4 , b -dihy  dr  opyr  roles,  are  synthesized  from  the  unstable  7- 
amino  ketones  or  from  7-bromo  ketones  and  ammonia  or  primary  amines : 


CH2 — CH2Br 

I 

ch2— co-ch3 


nh3 
- > 


ch2 - ch2 

CH=C(CH3) 


NH 


Another  method  of  synthesizing  this  ring  consists  in  reacting  7-chlorobutyro- 
nitrile  with  Grignard  compounds: 

C1-CH2-CH2-CH2-CN  +  R-MgCl  - >  Cl  CH2  •  CH2  •  CH2  •  C :  (NMgCl)  •  R  (I) 

CH2— ch2 

- >  |  >NH-HC1 

CH=CR 

The  ketimine  derivative  (I)  first  formed  sometimes  rearranges  to  a  pyrroline  hy¬ 
drochloride  ( Lipp ,  Seeles,  Ber.  62,  2456) . 

The  2-pyrrolines  differ  from  the  3-pyrrolines,  obtained  by  reduction  of  pyrroles, 
in  that  they  resinify  in  air  and  are  reduced  by  tin  and  hydrochloric  acid  to  pyrrol¬ 
idines.  Treatment  with  benzoyl  chloride  and  aqueous  sodium  hydroxide  splits 
the  4,5-dihydropyrroles  to  y-benzoylamino  ketones;  this  conversion  is  particu¬ 
larly  smooth  with  N -aryl -2 -pyrrolines,  which  are  usually  stable  only  in  the  form 
of  their  salts  ( Markwalder ,  J.pr.  75,  329). 

CH — CH2v 

3-PYRROLINE,  2 ,5 -dihydropyrrole,  ||  >NH,  b.p.  91°  (748  mm.), 

CH— CH/ 

is  a  water-soluble  secondary  base  with  an  ammoniacal  odor,  which  forms  stable 
salts  with  acids  (hydrochloride,  m.p.  173°),  absorbs  C02  from  the  air,  reacts 
with  nitrous  acid  to  form  a  nitrosamine,  C4HGN*NO,  m.p.  38°,  and  with  methyl 
iodide  to  form  a  dimethylpyrrolinium  iodide,  C4H6N(CH3)2I,  etc.  1-Methyl- 
pyrroline,  C4H6NCH3,  b.p.  80°,  is  prepared  by  reduction  of  1 -methylpyrrole ; 
it  occurs  in  small  amount  among  the  tobacco  alkaloids  ( Pictet ,  Court,  Ber.  40, 
3775).  2,5-Dimethylpyrroline,  (CH3)2C4H4:NH,  b.p.  106°,  2,3-dimethyl- 
pyrroline,  b.p.  121°,  1,2,5-trunethylpyrroline,  (CH3)2C4H4:N(CH3),  b.p.  105- 
120°,  from  the  corresponding  pyrroles. 
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,  CH— C(CH3)2x 

2,2,5,5-Tetramethylpyrroline,  |[  '  /NH,  b.p.  114-116°,  is  formed 

CH— C(CH3)/ 

in  the  distillation  of  tetramethylpyrroline -3 -carboxylic  acid,  m.p.300°.  Its 
amide,  m.p.  180°  is  prepared  by  the  reaction  of  3,5-dibromo-2,2,6,6-tetramethyl- 
4-piperidone  with  ammonia,  analogous  to  the  rearrangement  of  naphthalenes  to 
indcnes  {Pauly,  Ann.  322,  77;  Pauly,  Schaum,  Ber.  34,  2287;  Pauly,  Hiilten- 
schmidt,  Ber.  36,  3371) : 


/CHBr — C(CH3)2s 
CO<  >NH 

^CHBr — C(CH3)2/ 


Nh3  H2NCOC— C(CH3)2 


\nh 

HC— C(CHS)/ 


2-Methyl -2-pyrroline , 


CH=C(CH3) 


-CH/ 


NH,  b.p.  45°  (100  mm.),  is  synthesized 


CH2- 

from  7-aminopropyl  methyl  ketone  or  from  y-bromopropyl  methyl  ketone, 
BrCH2CH2CH2-COCH3,  and  alcoholic  ammonia;  it  resinifies  in  air,  and  is 
reduced  by  Sn  and  HC1  to  methylpyrrolidine  ( Gabriel ,  Ber.  42,  1241). 

CH=C(C6H5)x 

2-Phenyl -2-pyrroline,  |  >NH,  m.p.  45°,  b.p.  249°,  b.p.  118° 

CH2 - CH/ 

(11  mm.),  is  formed  by  the  removal  of  a  water  molecule  from  the  unstable  y- 
aminobutyrophenone  ( Gabriel ,  Colman,  Ber.  41,  518),  or  according  to  the  equa¬ 
tion  on  p.  47  {Lipp,  Seeles,  Ber.  62,  2456). 

2-Chloropyrroline,  C4H5C1:NH,  m.p.  51°,  is  obtained  from  pyrrolidone  or 
butyrolactam  and  PCL;  it  resinifies  readily  ( Tafel ,  Wassmuth,  Ber.  40,  2841). 

CH2— CH2x 

PYRROLIDINE,  tetramethylenimine,  |  /NH,  b.p.  87°,  gold  salt: 

CH2— CH/ 

m.p.  206°,  and  its  homologues  have  been  partially  covered  in  Vol.  I,  pp.  386,  598. 
For  the  ring-synthesis  of  pyrrolidine,  1,4-dibromobutane  is  reacted  with  p- 
toluenesulfonamide  ( Muller ,  Sauerwald,  Mo.  48,  153),  or  5-chlorobutylamine  is 
treated  with  acid-splitting  agents  ( Putochin ,  Ber.  55,  2747) .  Succinimide  and  its 
alkyl  derivatives  are  converted  to  pyrrolidines  in  good  yield  by  the  Tafel  method 
(Ber.  33,  2209)  of  electrolytic  reduction  ( Spdth ,  Breusch,  Mo.  50,  349).  An 
interesting  method  of  preparation  depends  on  transition  of  the  six-membered 
piperidine  ring  to  the  five-membered  pyrrolidine  ring.  Piperidine  reacts  with 
methyl  iodide  to  form  dimethylpiperidinium  iodide,  whose  hydroxide  (I)  is 
opened  by  distillation  to  N ,N -dimethylA-pentenylamine  (II);  the  addition 
product  of  the  latter  with  hydrogen  chloride  (III)  rearranges  readily  to  1,1,2- 
trimethylpyrrolidinium  chloride  (IV) : 


I 

CH2 — CH2 — N  (CH3)  2OH 

I  I 

ch2— ch2— ch2 


CH2— CH2— N(CH3)2 

I 

CH2— CHCICIC 

III 


II 

CH2— CH2— N(CH3)2 

I 

ch2— ch=ch2 

ch2 - ch2 

- >  ! 

CH2— CH(CH3) 

IV 


N(CH3)2C1 


This  transformation  of  permethylated  piperidine  to  an  unsaturated  aliphatic 
amine  ( Hofmann  degradation  by  exhaustive  methylation)  is  a  characteristic 
reaction  for  completely  hydrogenated  cyclic  bases.  Repetition  of  the  operation 
leads  to  removal  of  the  nitrogen  as  trimethylamine,  leaving  a  nitrogen-free  hydro¬ 
carbon  residue.  When  N,N-dimethylpyrrolidinium  iodide,  prepared  from  pyrro¬ 
lidine  and  methyl  iodide,  is  distilled  with  KOH,  N,N -dimethyl-3 -butenylamine  is 
formed;  the  methyl  iodide  addition  product  of  the  latter  is  decomposed  by  dis¬ 
tillation  with  KOH  into  trimethylamine  and  an  unsaturated  hydrocarbon,  1,3- 
butadiene,  the  so-called  pyrrolylene.  In  the  same  way  2 -methyl -1,3 -butadiene, 
or  isoprene,  is  obtained  from  3 -methylpyrrolidine  {Euler,  Habilitationsschrift, 
Leipzig,  1897;  C.  1898,  I,  247).  1-Benzoylpyrrolidine,  b.p.  191°  (12  mm.),  is 
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converted  by  PC16  or  PBr5  to  1,4-dichloro-  or  dibromobutane  ( Knorr ,  Schneider , 
Ber.  39,  1419) : 

(CH2)4N-COC6H5 - >  (CH2)4N-CC12C6H5 - >  C1(CH2)4C1  +  NC-C6H6 

N-Alkylpyrroli dines,  like  other  completely  hydrogenated  cyclic  bases,  are 
split  by  cyanogen  bromide  to  cyanamide  derivatives  ( v .  Braun,  Ber.  44,  1252) . 

1- Methylpyrrolidine,  (CH2)4NCH3,  b.p.  79°,  is  best  prepared  by  catalytic 
hydrogenation  of  1 -methylpyrrole  with  platinum  oxide  +  H2  (Wibaut,  Rec.  44, 
1101)  or  with  Pd  and  H2  at  160°  ( Zelinsky ,  Jurjew,  Ber.  62,  2589);  it  can  also 
be  obtained  from  N-methylbutylamine,  CH3-CH2/H2-CH2NHCH3,  by  bromi- 
nation  with  sodium  hypobromite,  followed  by  removal  of  HBr  with  concentrated 
sulfuric  acid  ( Loffler ,  Freytag,  Ber.  42,  3427;  Lbffler ,  Ber.  43,  2035).  It  is 
formed  in  the  cleavage  of  the  alkaloid  nicotine,  l-methyl-2-(3-pyridyl) -pyrroli¬ 
dine,  with  silver  oxide  ( Pictet ,  Ber,  38,  1951),  and  by  heating  hygrinic  acid  (see 
below) . 

2- Methylpyrrolidine,  b.p.  95°,  prepared  from  y-aminovalerolactam  by  reduc¬ 
tion  with  sodium  and  amyl  alcohol,  or  from  2-methylpyrroline  (page  48)  with 
tin  and  hydrochloric  acid,  is  converted  to  2 -methylpyrrole  by  heating  with  zinc 
dust.  3-Methylpyrrolidine,  picrate  m.p.  106°  ( Spdth ,  Prokopp,  Ber.  57,  474). 
2-Ethylpyrrolidine,  b.p.  122°  (744  mm.),  picrate,  m.p.  85°,  is  formed  by  the 
intramolecular  rearrangement  of  hexamethylenediamine  hydrochloride  on  heating 
(Muller,  Wachs,  Mo.  53/54,  420). 

2,4-Dimethylpyrrolidine,  b.p.  115-117°.  1,2,2-Trimethylpyrrolidine,  b.p. 
109-113°  (Knorr,  Rabe,  Ber.  34,  3498).  3-Phenylpyrrolidine,  b.p.  122°  (12 
mm.),  picrate,  m.p.  166°.  3,4-Diphenylpyrrolidine,  b.p.  200°  (14  mm.)  (Spdth, 
Breusch,  Mo.  50,  349). 

CH2— CH(COOHk 

PROLINE,  2-pyrrolidinecarboxylic  acid,  |  /NH,  dLform 

CH2 - CH/ 

m.p.  205°  (anhydrous),  picrate  m.p.  135°,  ethyl  ester  b.p.  80°  (13  mm.),  is 
present  in  its  levorotatory  form,  m.p.  215°  (anhydrous),  [a]  if  =  —86.6°  (aque¬ 
ous  solution),  picrate  m.p.  152°,  among  the  hydrolytic  cleavage  products  of 
numerous  proteins,  such  as  casein  and  gelatin  (Fischer,  Abderhalden,  Ber.  37, 
3071),  wheat  gliadin  [Town,  Biochem.J.  22'  (1928),  1083].  Isolation  from  the 
cleavage  products  with  Reinecke-acid  (Kapj hammer ,  Eck,  Z. physiol. Chem.  170, 
294),  by  formation  of  the  benzylidene  derivative  (Bergmann,  Zervas,  Z.physiol. 
Chem.  152,  282),  or  of  1,5-trimethylenehydantoin,  m.p.  165°  [Dakin, 
Biochem.J.  12  (1918),  290].  Racemic  proline  is  synthesized  from  bromo-7- 
bromopropylmalonic  ester,  BrCH2CH2CH2-CBr(C02R)2,  and  ammonia,  with 
subsequent  saponification  by  hydrochloric  acid  or  aqueous  barium  hydroxide 
solution  (W  illstatter ,  Ettlinger,  Ann.  326,  91),  from  5-bromo-«-aminovaleric  acid 
(the  fission  product  of  bromopropylphthalimidomalonic  ester)  and  from  5 -benzoyl - 
amino-tt-bromovaleric  acid  (Fischer,  ZempUn ,  Ber.  42,  1022),  or  directly  from 
aminomalonic  ester  (Putochin,  Ber.  56,  2213).  The  m-nitrobenzoyl  derivative  of 
racemic  proline  can  be  resolved  into  its  optically  active  components  by  means  of 
cinchonine  (Fischer,  Zemplen,  Ber.  42,  2992).  Pyrrolidone-2-carboxylic  acid 
(pyrroglutamic  acid)  is  converted  to  proline  by  reduction  of  its  ester  with  Na  and 
alcohol  ( Fischer ,  Boehner,  Ber.  44,  1332).  A  dipeptide,  LN -prolyl -/3 -phenyl¬ 
alanine,  NH  •  CH2  •  CH2  •  CH2  •  CH  •  CONHCH  (C02H) CH2C6H5,  is  found  among 
the  hydrolytic  cleavage  products  of  gliadin  (Fischer,  Luniak,  Ber.  42,  4752). 
This  and  several  other  prolinepeptides  have  been  obtained  synthetically. 

1-Methylpyrrolidine -2 -carboxylic  acid,  hygrinic  acid,  m.p.  169°,  is  obtained 
by  the  oxidation  of  hygrin,  the  alkaloid  found  in  cocoa  leaves.  Its  synthesis  is 
analogous  to  that  of  proline,  from  bromo-7-bromopropylmalonic  ester  and 
methylamine  (W illstatter ,  Ettlinger,  Ann.  326,  91).  On  heating  it  decomposes 
into  C02  and  1  -methylpyrrolidine  (see  above) . 

CH2— CH  - COv  0 

The  methylbetaine  of  hygrinic  acid  is  stachydrine,  |  />N(CH3)/U’ 

CH2— CH/ 

m.p.  210°  (anhydrous),  which  has  been  isolated  from  the  bulbs  of  Stachys  tuberi- 
fera,  from  the  leaves  of  Citrus  aurantium  (Schulze,  Trier,  Ber.  42,  4654)  and  from 
alfalfa  [Steenbock,  J.Biol.Chem.  35,  (1919),  1]. 
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l-Methylpyrrolidine-2,5-dicarboxylic  acid,  m.p.  274°  (dec.),  from  «,a-di- 

bromoadipic  ester  with  methylamine  (W illstdtter,  Lessing,  Ber.  35,  2065). 

5-Carboxymethyl-l-methylpyrrolidine-2-carboxylic  acid  is  identical  with  the 
tropinic  acid  resulting  from  oxidation  of  tropine  and  ecgonine  {W illstdtter ,  Ber.  31, 
1534;  W illstdtter ,  v.  Sicherer,  Ber.  32,  1290).  The  conversion  of  this  acid  to 
pimelic  acid  by  removal  of  the  nitrogen  by  exhaustive  methylation  and  sub¬ 
sequent  reduction  provides  the  key  to  the  constitution  of  the  tropane  alkaloids 
(Willsiatter ,  Bode,  Ber.  33,  414). 

2,2 , 5 ,5 -Tetramethylpyrrolidine -3 -carboxylic  acid , 

HOOCCH — C  (CH3) 

I 

CH2— C(CH3) 

m.p.  220°  (dec.) ;  the  amide  of  this  acid  is  prepared  from  tetramethylpyrroline- 
carboxylic  acid  amide  by  reduction  with  sodium  amalgam.  With  KOBr  the  amide 
yields  3-aminotetramethylpyrrolidine,  b.p.  174°,  a  strong  diacid  base. 

CH2 - CH-COOH 

Hydroxyproline,  4:-hydroxypyrrolidine-2-carboxylic  acid,  |  )>NH 

CHOH-CH, 

m.p.  270°,  [o;]d  =  —80.6°  (in  water),  pi  crate  m.p.  188°,  was  obtained  in  the 
levorotatory  form  by  the  hydrolysis  of  various  proteins,  first  from  gelatin  ( Fischer , 
Ber.  35,  2660)  and  later  from  casein  and  edestin.  Isolation  from  the  products  of 
hydrolysis:  Kapfhammer,  Eck,  Z.physiol.Chem.  170,  294.  Synthesis:  Leuchs, 
Brewster,  Ber.  46,  986;  Leuchs,  Bormann,  Ber.  52,  2086;  Traube,  Johow,  Tepohl, 
Ber.  56,  1861 .  Since  hydroxyproline  contains  two  asymmetric  carbon  atoms,  four 
isomers  are  obtained.  The  so-called  a-compound  yields  on  fission  a  levorotatory 
proline,  which  is  identical  with  natural  proline. 

The  lactams  of  7-amino  acids,  such  as  butyrolactam,  2-pyrrolidone, 

CH2 - COv 

I  >NH 

ch2— ch/ 

have  been  described  in  Vol.  I  (p.  450).  The  best  general  method  for  their 
preparation  is  the  electrolytic  reduction  of  succinimide  and  its  derivatives  ( Huth , 
Ber.  33,  2209). 

A  derivative  of  2-oxopyrrolidine  or  2-pyrrolidone  is  5 -carboxymethyl-1 -methyl - 
2-pyrrolidone,  ecgoninic  acid,  cd-form,  m.p.  94°,  levo- form,  m.p.  117°,  which  is 
an  oxidation  product  of  tropane  alkaloids,  and  also  of  tropinic  acid. 

CH2— cox 

The  imides  of  the  succinic  acid  series,  such  as  succinimide,  |  /NH, 

CH2 — C(X 

(Vol.  I,  p.  552),  are  2,5-dioxopyrrolidines. 


Condensed  Nuclei  Containing  Furan,  Thiophene,  and  Pyrrole  Rings 


Condensed  nuclei  of  this  type  consist  of  a  furan,  thiophene,  or 
pyrrole  ring  sharing  two  adjacent  carbon  atoms  with  an  aromatic 
ring  such  as  benzene  or  naphthalene.  Either  the  2,3-  or  the  3,4- 
carbons  atoms  of  the  heterocyclic  ring  can  be  shared : 


/\ _ 

xAx7 


/\ 


\/ 


'\ 

7- 


Only  members  of  the  first  class  are  important,  although  members  of 
the  second  class  have  been  synthesized  also. 

The  following  series  of  condensed  nuclei  are  derived  from  furan, 
thiophene,  and  pyrrole: 
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4 


[5]  3 
[a]  2 


Benzofuran 

Coumarone 

9  1 

/\__/\ 


Dibenzofuran 
Diphenylene  oxide 


4 

.e/N - \[8]  3 


[a]  2 


Benzothiophene 

Thianaphthene 


9 

/\ 


1 

/\ 


Dibenzothiophene 
Diphenylene  sulfide 


4 

A 


[s] 


W1"'1 

7  NH  i 

Benzopyrrole 

Indole 


4 

A 


5 

A 


i  NH  8 

Dibenzopyrrole 

Carbazole 


The  numberings  are  those  given  in  “The  Ring  Index,”  in  which  carbazole  is  one 
of  the  few  compounds  whose  standard  numbering  is  the  one  fixed  by  usage,  and 
not  the  one  corresponding  to  the  “Proposed  International  Rules  for  Numbering 
Organic  Ring  Systems.” 

Condensed  nuclei  in  which  two  heterocyclic  rings  participate  in  the  formation  of 
one  benzene  ring  are  also  known. 


5.  BENZOFURANS 

The  benzofurans  are  also  termed  “coumarones”  because  of  their  formation 
from  derivatives  of  coumarin  (1,2-benzopyrone) .  They  are  prepared:  ( 1 )  By 
the  action  of  alcoholic  KOH  on  coumarin  dibromide  or  3-bromocoumarin  ( Fittig , 
Ann.  216,  162) : 

[3]  or  [j8] 

✓CH=CBr  koh  /CHv  /CHv 

C6H4<  I  - >  C6H4<  AC  •  COOH  — >  C6II4<  ACH  [ 2]  or  [a] 

X> - CO  \-0-S  N-O-/ 


3-Bromocoumarin 


Coumarilic  acid 


Benzofuran 

Coumarone 


Other  coumarins,  such  as  umbelliferone,  esculetin,  and  daphnetin,  react  similarly; 
a-bromo-o-hydroxycinnamic  acid  and  its  homologues  are  formed  as  intermediate 
products;  they  split  off  HBr  to  give  the  benzofurans.  2-Benzoylbenzofuran, 

/CHA 

C6H4\.  0J^C-C0C«Hs 

is  produced  by  analogous  reactions  between  a,i3-dibromo-/3-o-acetoxyphenylpro- 
piophenone  (acetyl-o-hydroxybenzylideneacetophenone  dibromide)  and  KOH 
( v .  Kostanecki,  Tambor,  Ber.  29,  237),  and  between  salicylaldehyde,  a-bromoaceto- 
phenone  and  KOH  (Rap,  Gazz.  25,  II,  285).  For  the  preparation  of  related 
compounds  see  Tambor,  Gubler,  Helv.  2,  101. 

(2)  jS-Chloro-o-hydroxystyrene  is  condensed  by  KOH  to  benzofuran: 


C6H4/ 

v 


CH=CHC1 

OH 


/clK 

->  C6H4<^  ^yc H 


(3)  o-Formylphenoxy acetic  acid,  when  warmed  with  acetic  anhydride  and 
sodium  acetate,  forms  coumarilic  acid  ( Rossing ,  Ber.  17,  3000) : 


✓CHO 

C6II4< 

xO— CHrCOOH 


/Cl -K 

C6H4<^  ^C-COOH 


The  acetic  acid  derivatives  of  o-hydroxy  ketones  react  in  the  same  way  ( v .  Kos¬ 
tanecki,  Tambor,  Ber.  42,  901). 

(4)  Benzofuran  is  prepared  from  phenoxyacetal  with  zinc  chloride  in  glacial 
acetic  acid: 
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C6H4< 


II 

OCH2-CH(OC2H6)2 


A  large  number  of  alkylbenzofurans  have  been  obtained  by  the  condensation  of 
homologues  of  phenoxyacetal  and  of  phenoxyacetone,  C6H5-OCH2COCH3,  by 
means  of  sulfuric  acid  ( Stoermer ,  Ann.  312,  237). 

( 5 )  A  reaction  similar  to  the  formation  of  coumarins  from  phenol  and  malic 
acid  or  acetoacetic  ester  (Vol.  Ill,  p.  474)  produces  benzofurans  from  sodium 
phenolate  and  a-chloroacetoaeetic  ester  ( Hantzsch ,  Ber.  19,  1291): 

TI  COCH3  /Cs-CH» 

c6h4<  +  |  - >  c6h,<  \c-co2r 

xONa  C1CH-C02R  >CK 

3-Methylcoumarilic  acid  ester 

Resorcinol  and  2  mols  of  the  ester  form  a  benzodifuran  derivative,  pyrogallol 
and  3  mols  of  the  ester,  a  benzotrifuran  derivative,  and  naphthol,  a  naphthofuran 
derivative  (p.  56) .  Similar  to  this  reaction  is  the  production  of  benzofurans  and 
benzodifurans  from  quinones  and  chlorinated  quinones,  such  as  tetrachloroquin- 
one,  on  heating  with  acetoacetic  ester  ( Ikuta ,  J.pr.  45,  67;  Graebe,  Levy,  Ann. 
283,245). 

(6)  In  the  methods  given  above,  it  is  the  furan  ring  which  is  formed;  in  the 
synthesis  of  6-acetyl-4-hydroxybenzofuran,  from  /3-2-furfurylidenelevulinic  acid 
(. Kehrer ,  Kleberg,  Ber.  26,  345),  the  benzene  ring  is  closed: 


/CH— CH  HO  •  CO — CH2 

ch/  II  I 

X) - C - CH=CCOCH3 


/CH— C  [8] — C(OH)=CH 
CH  <f  ||  | 

X) — -C  [«]—  CH=C  •  COCH3 


BENZOFURAN,  COUMARONE,  b.p.  177°,  picrate  m.p.  103°,  is  obtained 
by  the  distillation  of  coumarilic  acid  with  lime,  from  /3-chloro-o-hydroxystyrene, 
from  phenoxyacetal  with  zinc  chloride  ( Stoermer ,  Ber.  30,  1703)  and  from  coal 
tar  [W eissgerber ,  Moehrle,  Brennstoff -Chem .  4  (1923),  81],  in  which  several 
methylbenzofurans  are  also  found  [Auwers,  Hampe,  Ber.  33,  3014;  Boes,  Apoth. 
Z.  22  (1907),  177]. 

Benzofuran  is  readily  polymerized  by  acids,  particularly  concentrated  sulfuric 
acid  and  SnCl4,  to  paracoumarone,  m.p.  108°;  the  latter,  on  distillation,  is  partly 
depolymerized  and  partly  decomposed  to  phenols.  Solvent  naphtha,  which  con¬ 
sists  of  benzofuran  together  with  some  indene  derivatives,  is  polymerized  on  a 
commercial  scale  to  cournarone  resins,  which  are  of  use  in  the  preparation  of 
paints  and  varnishes.  [Preparation,  properties,  analysis  and  uses  of  cournarone 
resins:  Marcusson,  Mitt.Materialprufungsamt,Berlin-Lichterfelde  West  38 

(1921),  69;  C.  1921,  IV,  1230.]  On  heating  with  alcoholic  KOH  at  200°  benzo¬ 
furan  is  decomposed  into  o-ethylphenol,  o-hydroxystyrene,  o-hydroxyphenylacetic 
acid,  o -hydroxy phenylethanol  and  its  anhydride  which  is  a  hydrogenated  ben¬ 
zofuran  ( Stoermer ,  Kahlert,  Ber.  34,  1806;  35,  1630). 

For  spectroscopic  data  on  benzofurans,  see  v.  Auwers,  Ann.  408,  260;  422,  133. 
For  the  reaction  with  halogens,  see  page  53. 

A  series  of  benzofurans  alkylated  in  either  the  benzene  or  the  furan  ring,  or 
both,  are  synthesized  by  the  methods  described  above:  2-methylbenzofuran, 
b.p.  197°,  from  a-phenoxypropionacetal,  3-methylbenzofuran,  b.p.  193°,  from 
phenoxyacetone  or  methylcoumarilic  acid.  Of  the  15  possible  dimethylbenzo- 
furans,  11  are  known:  2,3-Dimethylbenzofuran,  b.p.  210°,  from  dimethylcou- 
marilic  acid.  2,5-Dimethylbenzofuran,  b.p.  220°.  2,7-Dimethylbenzofuran, 
b.p.  215°  (749  mm.).  2,3,5-Trimethylbenzofuran,  b.p.  100°  (10  mm.),  and 
other  alkylbenzofurans,  see  v.  Auwers,  Ann.  422,  133. 

2-Phenylbenzofuran,  m.p.  121°,  from  the  sodium  salt  of  salicylaldehyde  and 
phenylchloroacetic  acid  (c/.  Method  1,  p.  51,  and  Stoermer,  Ber.  36,  3979). 
3-Phenylbenzofuran,  two  modifications,  m.p.  13°  and  42°,  b.p.  163°  (9  mm.), 
from  o-hydroxydiphenylethylene  (Vol.  Ill,  p.  553)  by  treatment  of  its  dibromide 
with  Na  alcoholate  ( Stoermer ,  Kippe,  Ber.  36,  4004).  Both  phenylbenzofurans 
can  also  be  prepared  from  o-hydroxydiphenylacetic  acid  lactone  (Vol.  Ill,  p. 
556)  by  heating  with  PBr3  ( Stoermer ,  Kippe,  Ber.  36,  4006).  2,3-Diphenyl- 
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benzofurans,  such  as  2,3-diphenyl-4-methyl-7-isopropylbenzofuran,  m.p.  116°, 
are  obtained  by  condensation  of  phenols  and  benzoin  in  the  presence  of  sulfuric 
acid  [Japp,  Meldrum,  Proc.Roy.Soc.  15  (1899),  167] : 


am  (oh)chc6h5 

(CH3)(C3H7)C6H2^  +  I 

([2]  OH  COC6H5 


(CH3)(C3H7)C6H2 


(  [1]C(C6Hb) 


t 


[2]0- 


%C  •  CbH, 


to  give  pure  2-chloro- 


Benzofuran  adds  one  molecule  of  chlorine  or  bromine.  The  dibromide,  2,3- 
dibromo-2,3-dihydrobenzofuran,  C8H6Br20,  m.p.  86°,  is  readily  converted  to 
monobromobenzofuran;  monochlorobenzofuran  is  obtained  from  the  dichloride. 
Both  these  products  can  be  further  halogenated  to  dihalogenated  benzofurans: 
2,3-dichlorobenzofuran,  m.p.  26°,  b.p.  226°,  dibromobenzofuran,  m.p.  27°,  b.p. 
270  °.  The  monochlorobenzofuran  is  probably  a  mixture  of  2-  and  3-chlorobenzo- 
furan,  since  on  heating  with  alcoholic  alkali  to  180-190°  it  yields,  among  other 

/co\ 

products,  3(2)-benzofuranone,  C6H4<  >CH2,  and  o-hydroxyphenylacetic 

\_o-/ 

/CH*\ 

acid,  whose  lactone,  CeH4<  >CO,  reacts  with  PCla 

X-0-/ 

benzofuran.  Wlien  treated  with  sodium  acetate  benzofuran  dichloride  decom- 

nuoH 

poses  to  o-hydroxyphenylglycolaldehyde,  CeH4<  ,  m.p.  64° 

U2]CH(OH)CHO 

( Stoermer ,  Ann.  313,  79) .  When  heated  alone,  benzofuran  dibromide  yields  only 
2-bromobenzofuran,  liquid,  b.p.  221-223°,  which  can  be  synthesized  from  o- 
hydroxyphenylacetic  acid  lactone  with  POBr3.  When  it  is  heated  with 
alcoholic  KOH,  2-bromobenzofuran  is  decomposed  to  o-hydroxyphenylacetic 
acid;  under  the  same  conditions  benzofuran  dibromide  gives  chiefly  3-bromo- 
benzofuran,  m.p.  39°,  b.p.  219-220°;  when  heated  with  alcoholic  KOH,  the 
latter  compound  forms  3 -ethoxy benzofuran,  together  with  some  2-ethoxybenzo- 
furan  and  o-hydroxyphenylacetic  acid.  ( Stoermer ,  Kahlert,  Ber.  35,  1633). 

NITROBENZOFURANS.  When  2-bromobenzofuran  is  treated  with  N203, 
bromine  is  liberated  and  2-nitrobenzofuran,  m.p.  134°,  is  formed;  it  is  also  ob¬ 
tainable  in  small  quantity  by  the  nitration  of  benzofuran.  3-Bromobenzofuran 
and  N203  give  3 -bromo -2-nitrobenzofuran,  m.p.  132°.  2-Nitrobenzofuran  is 
rearranged  by  sodium  ethylate  solution  to  the  monoxime  of  2,3-benzofurandione 


(Vol.III,p.427):C6H4. 


CH\ 

%cno2 

-O-S 


CO 


CeH^  ^>C:NOH.  Cf.  the  analo¬ 


gous  rearrangements  of  7-nitrostilbene,  of  1-  and  2-nitronaphthalenes  (Vol.  Ill, 
p.  614),  of  9-nitrophenanthrene  and  of  9-nitroanthracene  (Vol.  Ill,  p.  649) 
(, Stoermer ,  Kahlert,  Ber.  35,  1633). 

No  aldehydes  of  the  benzofuran  series  have  been  reported. 

KETONES.  2-Acetylbenzofuran,  2 -benzofuryl  methyl  ketone,  C8H50(C0CH3) , 
m.p.  75°,  is  prepared  from  salicylaldehyde  with  chloroacetone ;  with  bromine  it 
forms  a  bromide,  C8H50(C0CH2Br) ,  which  condenses  with  a  second  molecule 
of  salicylaldehyde  to  give  dibenzofuryl  ketone,  (C8H50)2C0,  golden  yellow  plate¬ 
lets,  m.p.  154°  ( Stoermer ,  Ann.  312,  333).  Acetylbenzofuran  is  reduced  by 
sodium  and  alcohol  to  « -methyl -2-benzofuranmcthanol  and  4-o-hydroxyphenyl- 
2 -butanol,  HO[2]C6H4CH2CH2CH(OH)CH3  {Stoermer,  Schaffer,  Ber.  36,  2863). 
2-Benzoylbenzofuran,  C8H50(C0CeH5) ,  m.p.  91°,  obtained  from  the  acetyl 
derivative  of  o-hydroxyphenylacrylophenone  dibromide  and  from  salicylaldehyde 
with  a-bromoacetophenone,  is  split  by  alkali  fusion  into  benzofuran  and  benzoic 
acid  ( v .  Kostanecki,  Tambor,  Ber.  29,  237;  Rap,  Gazz.  25,  II,  2S5) . 

CARBOXYLIC  ACIDS .  Cumarilic  acid,  2-benzofurancarboxylic  acid,  m .p.  190  ° 
from  3-bromocoumarin.  For  the  esters,  amide,  chloride,  hydrazide  and  azide, 
see  Stoermer,  Calov,  Ber.  34,  773.  The  azide  forms  with  alcohol  2-benzofuran- 
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carbamic  acid  ester,  (C8H50)NHC02C2H5,  m.p.  141  °,  which  can  be  saponified  to 
o-hydroxyphenylacetic  acid.  3-Methylbenzofuran-2-carboxylic  acid,  m.p.  189°, 
ester,  m.p.  51  °,  is  prepared  according  to  Method  5.  Hydroxytrichloro -3 -methyl - 

/C^-CHs 

benzofuran-2-carboxylic  acid,  C6C13(0H)<(^  ^C-C02H,  m.p.  258°,  from  tetra- 

chloroquinone  and  acetoacetic  ester. 

HYDROBENZOFURANS.  2,3-Dihydrobenzofuran,  coumaran, 


b.p.  189°,  is  formed,  together  with  o-ethylphenol,  by  reduction  of  benzofuran 
with  sodium  and  alcohol  (Alexander ,  Ber.  25,  2409) ;  it  is  synthesized  from  o-(2- 
bromoethyl) -phenol  with  sodium  hydroxide  solution,  and  from  /3,2-dibromo- 
phenetole,  BrC6H4OCH2CH2Br,  with  sodium  in  ether.  The  latter  method  is 
also  used  to  prepare  Bz-methyldihydrobenzofurans  (Stoermer,  Gohl,  Ber.  36, 
2873).  2 -Phenyl-2,3 -dihydrobenzofuran,  m.p.  32°,  from  2-phenylbenzofuran 

with  Na  and  alcohol,  besides  o-hydroxybibenzyl.  3 -Phenyl -2 ,3 -dihydrobenzo¬ 
furan,  m.p.  38°,  b.p.  167°  (14  mm.),  from  2-chloro-3-phenylbenzofuran,  which 
is  prepared  by  treatment  of  o -hydroxy diphenylacetic  acid  lactone  with  PCU 
(Stoermer,  Kippe,  Ber.  36,  3992) . 

3-Amino-2,3-dihydrobenzofuran,  b.p.  122°  (18  mm.),  by  reduction  of  3- 
benzofuranone  oxime  (Stoermer,  Konig,  Ber.  39,  496).  2,3-Dihydrobenzofuran- 
2-carboxylic  acid,  hydrocoumarilic  acid,  m.p.  116.5°,  by  reduction  of  coumarilic 
acid  with  sodium  amalgam. 

/CH2\ 

2(3)-Benzofuranone,  2-coumaranone,  C6H4<^  ^>CO,  is  considered  as 


/CO< 

-0 

pared:  ( 1 )  By  heating  0 -hydroxy -a -chloroacetophenone,  CeH4- 


the  lactone  of  o-hydroxyphenylacetic  acid. 

3  (2)  -Benzofuranone ,  3 -coumaranone ,  C6H4<^  ^>CH2,  m.p.  97°,  is  pre- 

j  [2]C0CH2C1, 
Ul]OH 

with  sodium  acetate  (Fries,  et.  al.,  Ber.  41,  4273;  43,  214).  (2)  By  condensation 

of  phenoxyacetic  acid,  C6H50 •  CH2C02H,  with  P2O5  (Stoermer,  Bartsch,  Ber.  33, 
3176) .  (3)  From  its  carboxylic  acid,  whose  ester,  2,3-dihydro-3-oxobenzofuran- 

/c°\ 

2-carboxylic  acid  ester,  C6H4<^  ^>CHC02C2H5,  m.p.  66°,  is  obtained  by 


condensation  of  the  ester  of  o-carboxyphenoxyacetic  acid  with  sodium  (Fried- 
lander,  Ber.  32,  1867;  Ger.  Pat.  105200,  1898;  Stoermer,  Ann.  312,  258).  This 
compound  is  the  oxygen  analogue  of  indoxyl;  it  is  soluble  in  alkali,  with  enoliza- 
tion,  but  in  other  respects  behaves  as  a  ketone  (forms  oximes,  semicarbazones, 
etc.).  The  methylene  group  is  very  active,  condensing  with  aldehydes,  nitroso- 
dimethylaniline,  and  itself  (see  below).  2-Methyl -3 (2) -benzofuranone, 


/C0\ 

C6H4<^  p>CH.CH3 


b.p.  163-165°  (40  mm.),  (Stoermer,  Atenstadt,  Ber.  35,  3565).  5-,  6-  and  7- 

CO 

Methyl-3 (2) -benzofuranone,  CH3-C6H3<(^  ^>CH2,  m.p.  54°,  85°,  and  102° 

(Stoermer,  Bartsch,  Ber.  33,  3179;  Fries,  Finch,  Ber.  41,  4278).  5,7-Dimethyl- 
3 (2) -benzofuranone,  m.p.  75°  (Fries,  Finch,  Ber.  41,  4278).  Bz-Dihydroxy- 
3 (2) -benzofuranone,  m.p.  226°,  from  pyrogallol  and  chloroacetic  acid  with 
POCl3  (Feuerstein,  Brass,  Ber.  37,  817).  For  other  Bz-hydroxy  derivatives,  see 
Sonn,  Patschhe,  Ber.  58,  96,  and  Fries,  Nohren,  Ber.  58,  1027. 

2-Bromo-  and  2,2-dibromo-3 (2) -benzofuranone,  m.p.  86°  and  142°,  are  pre¬ 
pared  by  bromination  of  3 (2) -benzofuranone.  2-Nitro-3 (2) -benzofuranone  is 
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/C0\ 

obtained  in  the  form  of  its  potassium  salt,  C6H4<^  ^>C:NOOK,  from  2-nitro- 

3- bromobenzofuran  (p.  53)  by  reaction  with  dialkvlamines,  followed  by  treat¬ 
ment  of  the  reaction  product  with  alcoholic  KOH  ( Stoermer ,  Ber.  42,  200) . 

3(2)-Benzofuranone  condenses  with  benzaldehyde  to  a  benzylidene  compound, 
m.p.  108°,  and  with  p-nitrosodimethylaniline  to  the  dimethylaminoanil  of  benzo- 
furandione  (see  below) .  A  series  of  substituted  benzylidene-3(2)-benzofuranones 
are  prepared  from  substituted  benzylidene -o-hydroxyacetophenone  dibromides 
( Emilewicz ,  v.  Kostanecki,  Ber.  31,  699;  32,  309;  Feuerstein,  v.  Kostanecki,  Ber. 
31,  1759;  v.  Kostanecki,  Rozycki,  Ber.  32,  2257).  The  dibromides  of  benzyli- 
dene-3(2)-benzofuranones  rearrange  in  dilute  alkali  to  flavonols  ( Auwers ,  Muller, 
Ber.  41,  4233).  Acylation  of  3(2)-benzofuranones  in  alkaline  solution  yields 

/C^OCOR 

O-acyl-3-benzofuranols,  CeH4  <  %CR;  the  isomeric  C-acyl  derivatives, 
( /C(OH)\ 

c6h/  yC'Con,  are  obtained  by  ring-closure  of  acyl-o-hydroxy-a- 

.COCHsCl 

chloroacetophenone,  C6H4<f  ,  by  means  of  potassium  carbonate,  dur- 

XFCOR 

ing  which  the  acyl  group  shifts  to  a  carbon  atom  ( v .  Auwers,  Ber.  43,  2192) . 

3  (2)  -Benzofuranone  dissolves  in  alkali  with  formation  of  salts  of  3-benzofuranol ; 
in  the  air  this  solution  rapidly  turns  blood-red,  due  to  simultaneous  condensation 
and  oxidation.  The  first  product  in  this  transformation  is  an  oxodihydrobibenzo- 
/COv  yC6H4x 

furan,  CeH4<(  >CH — C<^  >0,  which  adds  oxygen  to  form  3,2 '-di- 

\-0-/  ^  CH  / 

/C(OH)v  /-C6H4-x 

hydroxy -2, 3  '-bibenzofuran,  C6H4<(  %  y>C — C<f  )0,  orange -yellow 

O— /  ^C(OH)/ 

needles,  m.p.  185°.  The  latter  is  further  oxidized  by  hydrogen  peroxide  to  the 
oxygen  analogue  of  indirubin  (p.84),  oxindirubin,  A2'3'-bibenzofuran-3,2'-dione, 
/COv  /CeEU 

C6H4<^  )>C:C<  >0,  orange-yellow  needles  which  sublime  without 

\-o^  \-co-/ 

decomposition,  m.p.  215°,  which  is  also  obtained  by  condensation  of  3(2)- 
benzofuranone  with  benzofurandione  or  o-hydroxyphenylglyoxylic  acid  in  con¬ 
centrated  sulfuric  acid  {Fries,  Pfaffendorf,  Ber.  43,  212;  44,  114). 

/co\ 

2,3 -Benzofurandione,  coumarandione ,  C6H4<^  ^>00,  yellow  plates,  m.p. 

134  °,  is  the  lactone  of  o-hydroxyphenylglyoxylic  acid,  from  which  it  is  obtained  by 
heating  in  benzine  solution  with  P2O5  or  by  distillation  in  vacuo  (Fries,  Pfaf¬ 
fendorf,  Ber.  45,  154) .  Bz-Alkylbenzofurandiones  have  been  formed  from  sub¬ 
stituted  o-hydroxyphenylglyoxylic  acids  by  heating  with  P205  in  benzine  solution. 

4 - Methyl-  and  5-methyl-2 ,3 -benzofurandione,  m.p.  112°  and  149°  (Fries,  Ber. 
42,  234).  For  other  alkyl  derivatives,  see  v.  Auwers,  Ber.  49,  816;  Fries,  Ann. 
442,254.  The  ^-dimethylaminoanil  of  2, 3 -benzofurandione,  , 

/C0\ 

C8H4<^  ^J>C:NC6H4N(CH3)2 

from  3 (2) -benzofuranone  and  p-nitrosodimethylaniline  (see  above),  combines 
with  one  molecule  of  3 (2) -benzofuranone  to  form  a  compound,  C24H2o04N2,  m.p. 
203°  (dec.),  which  is  split  by  hydrochloric  acid  to  N,N-dimethyl-p-phenylene- 
diamine  and  the  oxygen  analogue  of  indigo,  oxindigo. 

/COv  /COv 

Oxindigo,  A2 ’2'-bi-3 (2) -benzofuranone,  C6H4<^  ^>C:C<^  ^>C6H4,  lemon- 

yellow  prisms,  m.p.  276°,  sublimes  undecomposed,  forming  a  yellow  vapor.  It  is 
also  obtained  from  the  potassium  salt  of  2-nitro-3  (2) -benzofuranone  (see  above) 
by  boiling  with  water  or  by  treatment  with  bromine  or  iodine  (Fries,  Hasselbach, 
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Ber.  44,  124;  Stoermer,  Brachmann,  Ber.  44,  315;  Fries ,  et  al.,  Ann.  405,  346). 
As  a  derivative  of  furan,  oxindigo  is  unstable  to  alkali,  so  vatting  in  alkaline  solu¬ 
tion  is  not  possible;  however,  the  diacetyl  derivative  of  the  leuco  form  can  be 
obtained  by  reduction  with  zinc  dust  in  the  presence  of  acetic  anhydride. 
Oxidation  with  chromsulfuric  acid  gives  2,3-benzofurandione  (p.  55). 

A  number  of  substituted  oxindigos  have  been  obtained  by  the  methods  given 
above  for  oxindigo :  6,6 '  -dimethyloxindigo  (Fries,  etal.,  Ann.  405,  347) ;  4,4  ',6,6  '- 
tetramethyloxindigo,  yellow,  m.p.  286°  (Fries,  Ann.  442,  263) ;  6,6'-dimethoxy- 
oxindigo,  m.p.  310°,  yellow. 

2-(3-Oxo-2-thianaphthenylidene)-3(2)-benzofuranone,  benzofuran-thianaph- 

thene-indigo,  brick-red  (Fries,  Bartholornaus,  Ann.  405,  373). 

By  application  of  Method  5  (p.  52)  to  polyhydroxy  benzenes,  benzodifurans 
and  benzotrifurans  are  obtained. 

(C-CHs  ) 

Dimethylbenzodifurandicarboxylic  acid  ester,  C6H2<  NC-C02R>2,  from  re- 

1°  / 

sorcinol  and  chloroacetoacetic  acid  ester,  a-compound,  m.p.  186°,  /3-compound, 
m.p.  141°.  3,5,9-Trimethylbenzol  1,2-5,  3,4-5',  5,6-5"]trifuran-2,5,8-tricar- 

(C-CHs  ) 

boxylic  acid  ester,  C6<  ^C-CChR  >3,  m.p.  297°  (dec.),  from  phloroglucinol  and 

(0  ) 

chloroacetoacetic  acid  ester. 

The  corresponding  naphthofurans  are  also  known:  Naphtho[  1,2-5] furan  and 
naphtho[2,l-5]furan,  a-  and  /3-naphthofuran: 

ni]o-x  huger 

C,„hP  >CH  and  C,„E«  >CH 

([2]CH^  (  f2]0 — ' 

m.p.  7°  and  61°,  b.p.  283°  and  285°  (Stoermer,  Ann.  312,  237  ff.).  Naphtho- 
[1,2-5] furan -3 (2) -one,  CioH6(C2H202)  ,  m,p.  92°,  from  2-bromoacetyl-l-acet- 
oxynaphthalene  (Ullmann,  Ber.  30,  1468).  4,5,4',5'-Dibenzooxindigo,  orange- 
yellow,  m.p.  310°  (Fries,  Ann.  442,  254).  6,7,6',7'-Dibenzooxindigo,  brick- 
red,  m.p.  347°. 


Compounds  of  the  type  of  phthalan,  1 ,3-dihydroisobenzofuran , 


CH2 


CH, 


O, 


are  also  known  (Willstatter ,  Verciguth,  Ber.  40,  965;  Ludwig,  Ber.  40,  3060;  N el- 
ken,  Simonis,  Ber.  41,  986;  Simonis,  Remmert,  Ber.  47,  2310),  but  they  appear 
to  be  unimportant. 


6.  THIANAPHTHENES  (BENZOTHIOPHENES) 


This  group  of  compounds  contains  many  useful  dyestuffs.  Thio- 
indigo  red,  the  sulfur  analogue  of  indigo,  was  first  prepared  by  P. 
Friedlander ;  after  this  discovery  the  whole  field  of  thianaphthenes  was 
extensively  investigated. 

The  name  “thianaphthene”  is  derived  from  the  close  resemblance 
of  the  compounds  of  this  class  to  naphthalenes. 


[3]  or  [ /3] 
C^H 


Thianaphthene,  benzothiophene ,  C6H4  <^^CH[2]  or  [a] ,  m.p.  32°,  b.p.  221  °, 


picrate  m.p.  149°,  with  an  odor  like  naphthalene,  is  formed  from  o-mercapto-/3- 
chlorostyrene,  which  can  be  isolated  only  in  the  form  of  its  xanthogenate  ( Gaiter - 
mann,  Lockhart,  Ber.  26,  2809) : 
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CH=CHC1 

C6H4< 

XSH 


The  best  preparation  is  from  the  easily  obtained  3-thianaphthenol  by  reduction 
with  zinc  dust  and  glacial  acetic  acid  ( Bezdrik ,  Friedlander,  Koeniger,  Ber.  41, 
230).  It  is  present  in  coal  tar  and  tar  from  lignite  (W eissgerber ,  Kruber,  Ber.  53, 
1551).  For  its  separation  from  naphthalene,  with  which  it  is  obtained  from  coal 
tar,  by  partial  sulfonation,  see  Ger.  Pats.  325712  (1919)  and  333156  (1920) ;  for 
separation  by  treatment  with  sodium  amide,  see  Ger.  Pat.  350737  (1919)  and 
W eissgerber,  Kruber,  Ber.  53,  1551.  Thianaphthene  is  also  found  among  the 
products  of  many  pyrolytic  condensations,  such  as  those  obtained  on  heating  a 
mixture  of  acetylene  and  hydrogen  sulfide  at  650°  {Meyer,  Meyer,  Ber.  51,  1571). 

Sodium  amide  converts  thianaphthene  to  a  sodium  derivative  (see  above) ,  and 
ethylmagnesium  bromide  converts  it  to  a  magnesium  derivative,  ethane  being 
evolved.  Thianaphthene  and  KOH  at  300°  give  o-tolucnethiol  (W eissgerber , 
Seidel,  Ber.  60,  2089).  2,3 -Dihydrothianaphthene,  b.p.  234°  (770  mm.),  and 
o-ethylbenzenethiol  are  formed  by  reduction  of  thianaphthene  with  Na  and  alcohol 
( Fricke ,  Spilker,  Ber.  58,  1589).  For  nitration,  see  p.  59.  For  spectroscopic 
data,  see  v.  Auwers,  Kohlhaas,  J.pr.  108,  321. 

3- Bromothianaphthene,  b.p.  137°  (13  mm.);  2,3-dibromo-  and  2,3-dichloro- 
thianaphthene,  m.p.  57.5°  and  54°  ( Komppa ,  J.pr.  1,22,  326). 

2-Thianaphthenecarboxylic  acid,  m.p.  236°,  from  the  Na  or  Mg  derivative  of 
thianaphthene  with  CO2  at  145°  {W eissgerber,  Kruber,  Ber.  53,  1560;  Ger.  Pat. 
341837,  1920);  methyl  ester,  m.p.  72°,  b.p.  171°  (14  mm.);  ethyl  ester,  m.p. 
73°.  3-Thianaphthenecarboxylic  acid,  m.p.  174°  {Komppa,  J.pr.  122,  322). 
2,3-Thianaphthenedicarboxylic  acid,  m.p.  250°,  formed  as  a  side-product  in  the 
preparation  of  the  2-carboxylic  acid;  dimethyl  ester,  m.p.  91°,  b.p.  214°  (18 
mm.);  anhydride,  m.p.  171  °. 

4- Thianaphthenol,  m.p.  72°,  similarly  to  acetylbenzofuranol  (p.  52),  is  pre¬ 
pared  by  condensation  of  thiophenecarboxaldehyde  with  succinic  acid  {Bieder- 
mann,  Ber.  19,  1619) : 

CH - CH  HOCO-CH2  _co2  CH - C-C(OH):CH 

II  II  +  I  — — >  II  II  I 

CH-S-C-CHO  CH2COOH  ~2^0  CH-S-C-CH=CH 


2- Thianaphthenol,  m.p.  35°  {W eissgerber ,  Kruber,  Be.  53,  15  1562). 

/C(OHk 

3- Thianaphthenol,  thioindoxyl,  C6H4<^  p>CH ,  m.  71°,  colorless  needles. 

It  is  prepared:  (1)  from  3-hydroxythianaphthene-2-carboxylic  acid  by  de¬ 
carboxylation  {Friedlander,  Ann.  351,  408);  ( 2 )  from  3-thianaphtheneamine  or 
its  carboxylic  acid  by  boiling  in  dilute  mineral  acid;  ( 3 )  from  phenylthioglycolic 
acid  by  treatment  with  fuming  sulfuric  acid  or  chlorosulfonic  acid,  this  reaction 
is  suitable  only  for  the  preparation  of  substituted  3-thianaphthenols  from  those 
phenylthioglycolic  acids  in  which  sulfonation  is  rendered  impossible  by  the 
presence  of  substituents;  ( 4 )  from  phenylthioglycolic  acid  chloride  and  AICI3, 
a  smooth  reaction  (Ger.  Pat.  197162) : 


C6H4 


H 

S— CH2-C0C1 


/C(OH)' 

->  c6h4<^ 


(5)  from  S-methylthiosalicylic  acid  by  fusion  with  alkali,  in  the  presence  of  a  con¬ 
densation  agent,  such  as  sodium  cyanamide  or  lead  sodium  (Ger.  Pat.  200200) : 


/COOH 

c6h4< 

\s— ch3 


/C(OH); 

->  c6h4^  cii 


{6)  by  the  action  of  acetoacetic  ester  and  concentrated  sulfuric  acid  on  thiosali- 
cylic  acid  {Hutchison  Smiles,  J.  101,  570). 

The  sulfone  of  3-thianaphthenol  is  prepared  from  benzoylacetic  ester  by  treat- 
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ment  with  fuming  sulfuric  acid,  together  with  other  products  {Arndt,  Kirsch, 
Nachtwey,  Ber.  59,  1074). 

3-Thianaphthenol  resembles  1-naphthol  in  its  behavior.  It  has  a  similar  odor, 
volatilizes  with  steam,  and  couples  with  diazonium  salts,  forming  azo  dyestuffs 
which  are  similar  to  those  derived  from  1-naphthol.  In  alkaline  solution  it 
oxidizes  even  in  the  air,  and  more  readily  with  potassium  ferricyanide,  ferric 
chloride,  and  the  like,  to  thioindogo  red,  which  is  analogous  to  indoxyl  (Ger.  Pat. 
194237,1905;  Frdl.  VIII,  1373) : 


2C 


/C(OHk  /C°\  .COv 

>H4<^  _yCH  +  20  =  C^\  /C:C\  p>C6H4  +  2H20 


2-Bromo-3-thianaphthenol,  m.p.  88°,  and  2,2-dibromo-3(2)-thianaphthenone, 
m.p.  132°,  by  bromination  of  3-thianaphthenol  {Bezdrik,  Friedlander ,  Koeniger, 
Ber.  41,  227) .  Both  are  easily  converted  to  thioindigo  red  by  removal  of  HBr  or 
2  Br  {Friedlander,  Mo.  29,  371). 

In  many  cases  3-thianaphthenol  reacts  in  the  desmotropic  form  as  3(2)- 

/C0\ 

thianaphthenone,  C6H4<  >CH2.  Thus,  with  aldehydes  and  ketones  it  forms 

\-s-/ 

colored  condensation  products,  which  are  called  thioindogenides  from  their  analogy 
to  the  indogenides  (p.  70) :  2-benzylidene-3 (2) -thianaphthenone: 

,C(X 


c6h 


o 


:  CHC6H5 


yellow  needles,  m.p.  127°  {Friedlander,  Mo.  30,  347).  With  thianaphthene- 
quinone  (p.  59)  3-thianaphthenol  condenses  to  thioindirubin, 

XXX  .  /C6H4x 

C6H4<  >C:C<  >S 

x-s-/  x-co-/ 

xcox  /C6H4x 

(p.  59),  with  isatin  to  thioindigo  scarlet,  CeH4<(  )>C:C<(  >NH  (p. 

x-s-/  Yccna 

59),  and  with  acenaphthenequinone  to  the  orange-red  2-{2-oxo-l-acenaphthenyli- 

/CO,  .CO 

dene)  -3 (2)  -thianaphthenone,  Ciba  scarlet  G,  C6H,X  NC:CX  |  ,  {Grob,  Ber. 

^CioHe 

41,  3331;  Friedlander,  Mo.  29,  373).  For  numerous  new  thioindigo  dyes,  see 
Frdl.  X-XVI. 

With  nitrous  acid  3-thianaphthenol  forms  thianaphthenequinone-1 -monoxime, 
with  aromatic  nitroso  compounds,  thianaphthenequinone-1 -anils  (p.  59). 

/Cs-CHO 

2- Hydroxythianaphthene-3-carboxald«hyde,  C6H4<^  N>C(OH),  m.p.  130°, 

results  from  the  cleavage  of  2-(2-oxo-3-thianaphthenylidene)-pseudoindoxyl  (p. 
59)  with  alkali  {Friedlander,  Kielbasinski,BuY.  44,  3107).  3 -Hydroxy thianaph- 

thene-2-carboxaldehyde,  m.p.  107°,  from  3-thianaphthenol  with  HCN  and  HC1 
{Krollpfeiffer,  Ann.  462,  46) ;  phenylhydrazone,  m.p.  137°. 

/C(OHk 

3 - Hydroxythianaphthene -2 -carboxylic  acid,  C6H4<^  N>C-C02H,  methyl 

' — S — ^ 

ester,  m.p.  104°,  is  obtained  from  o-carboxyphenylthioglycolic  acid  by  fusion 
with  KOH  or  by  warming  with  acetic  anhydride  and  sodium  acetate  at  40-50° 
{Friedlander,  Ann.  351,  405) : 


/COOH 

c6h4< 

Y— ch2-cooh 


/C(OH)v 

C6H4<  ^c-co2h 

-s- 


This  acid  decomposes  readily  into  C02  and  3-thianaphthenol,  and  gives  with 
aldehydes,  nitrous  acid,  etc.,  the  same  reaction  products  as  the  latter.  Oxidation 
yields  thioindigo  red. 
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Thianaphthene  is  converted  by  nitric  acid  (d  =  1.52)  in  glacial  acetic  acid  to 
3-nitrothianaphthene,  m.p.  81°.  With  acid  reducing  agents  the  latter  gives  3- 
thianaphtheneamine,  with  alkaline  reducing  agents,  2,2'-bisthianaphthene  deriva¬ 
tives  {Fries,  Hammecke,  Ann.  470,  1). 

/C(NH2)\ 

3-Thianaphtheneamine,  CeH4<^  ^  />CH,  oily  liquid,  acetyl  derivative, 

m.p.  169°,  with  the  characteristic  odor  of  1-naphthylamine,  is  prepared  by  re¬ 
duction  of  3-nitrothianaphthene  (see  above)  or  by  decarboxylation  of  3-amino- 
thianaphthene -2 -carboxylic  acid,  C8H4S(NH2)C02H,  m.p.  146°  (dec.),  which  is 
obtained  by  treatment  of  o-cyanophenylthioglycolic  acid  with  dilute  alkali  or  • 
cold  concentrated  sulfuric  acid : 


/CN 

c«h4< 

xs— ch2co,h 


,conh2 

c6h4< 

NS— CH2-C02Hj 


/C(NH2)v 

c6h4/  ^>c-co2h 


When  warmed  with  dilute  mineral  acids  3-thianaphtheneamine  is  transformed 
nto  3-thianaphthenol  (F riedlander ,  Ann.  351,  412;  Ger.  Pat.  190291). 

/C0\ 

Thianaphthenequinone,  2,3 -dioxodihydrothianaphthene,  C6H4<(  yCO,  yel¬ 
low  prisms,  m.p.  121  °,  b.p.  247°,  is  prepared :  {1 )  from  thianaphthenequinone-2- 
anil  (see  below)  with  dilute  mineral  acids  (Ger.  Pat.  214781,  1907;  Pummerer, 
Ber.  43,  1370);  {2)  from  thianaphthenequinone-2-oxime  (isonitrosothioindoxyl) 
(see  below)  by  hydrolysis  with  50%  sulfuric  acid  or,  better,  by  reduction  to  3- 
hydroxythianaphthene-2-amine  and  oxidation  of  the  latter  with  ferric  chloride; 
{3)  from  2,2-dibromo-3(2)-thianaphthenone  (p.  58)  by  boiling  in  water  or 
lead  acetate  solution  ( Bezdrik ,  Friedlander ,  Koeniger ,  Ber.  41,  234;  Ger.  Pat. 
212782). 

Thianaphthenequinone  behaves  like  isatin  (p.  74).  With  thiophene  and  con¬ 
centrated  H2S04  it  turns  dark  blue.  With  hydroxylamine  and  phenylhydrazine 
it  forms  thianaphthenequinone -3 -oxime,  m.p.  186°,  and  the  3-phenylhydrazone 
of  thianaphthenequinone,  m.p.  166°;  neither  a  dioxime  nor  a  di-(phenylhydra- 
zone)  is  produced.  The  thianaphthenequinone -2 -oxime,  isonitrosothioindoxyl, 


CO 


CeH4<(^  ^)>:NOH,  m.p.  172°  (dec.),  obtained  from  3-thianaphthenol  with 

nitrous  acid,  gives  a  phenylhydrazone,  thianaphthenequinone-2-oxime-3-phenyl- 
hydrazone,  m.p.  154°  (Ger.  Pat.  213458,  1906) .  Hydrogen  peroxide  in  ammoni- 
acal  solution  converts  thianaphthenequinone  into  derivatives  of  benzisothiazole 
( StolU ,  Ber.  58,  2095). 

/co\ 

Thionaphthenequinone  2-anil,  CeH4/  ^>C:NC6Il5,  m.p.  151°,  from  2,2- 

dibromo-3(2)-thianaphthenone  and  aniline;  p-alkylamino-  and  p-dialkylamino- 
2-anils  are  obtained  by  condensation  of  3-thianaphthenol  with  p-nitrosoalkyl- 
anilines  ( Pummerer ,  Ber.  43,  1370) .  With  3-thianaphthenol,  indoxyl,  and  similar 
compounds  containing  reactive  methylene  groups,  thianaphthenequinone  con¬ 
denses,  with  loss  of  water,  to  indigoid  dyestuffs,  the  3-carbonyl  group  being  the 
one  to  enter  the  reaction:  thioindirubin,  A2-3' -bithianaphthene-3 ,2 '-dione, 

CeH4v  /-S-v 

>C:C<  >C6H4 

-CO-/  xco/ 

red  needles,  m.p.  206°  {Friedlander,  Mo.  29,  373);  2-(2-oxo-3-thianaphthenyli- 

/CeH,.  /COn 

dene)-pseudoindoxyl,  S<^  >C:C<^  >C6H4,  (p.  58).  The  isomeric 

X-CO-/  XNH/ 

dyestuffs  are  obtained  by  reaction  of  the  same  compounds  with  2,2-dibromo-3(2)- 
thianaphthenone  or  thianaphthenequinone-2-anil  (see  uuder  thioindigo  red). 
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CO  CO 

THIOINDIGO,  C6H4/  ^>C:C<(^  ^>C6H4  ( Friedlander ,  Ber 


COs 

s- 


39,  1060;  Ann.  351,  390),  the  sulfur  analogue  of  indigo,  is  a  vat 
dye  which  colors  the  fiber  a  dull  violet-red,  and  which  is  of  great 
technical  importance  because  of  its  fastness.  It  crystallizes  from 
nitrobenzene  in  shiny  brown-red  needles,  which  melt  over  2S0°  and 
sublime  even  below  this  temperature.  At  higher  temperatures  it 
changes  to  an  orange-red  vapor  and  distills  almost  undecomposed. 
Its  solutions  show  a  strong  yellow-red  fluorescence. 

Methods  of  Preparation. — 1.  Oxidation  of  3-thianaphthenol  or  its 
carboxylic  acid  in  alkaline  solution  by  the  oxygen  of  the  air  or,  better, 
by  potassium  ferricyanide,  ferric  chloride  or  the  like: 


2.  Condensation  of  s-bis-(o-carboxyphenylmercapto)-ethylene 
(from  dichloroethylene  and  o-mercaptobenzoic  acid)  with  acid  con¬ 
densing  agents,  such  as  chlorosulfonic  acid  (Ger.  Pat.  205324,  1907) : 

/COQH  HOCOv  _2h2o  /COv  XXX 

C6H4<  /CH:CHx  >C6H4 - >  C6H4<  >C:C<  >C6H4 

\s - /  - s/  \-S-/  \-S-/ 


3.  Oxidation  of  o-acetylbenzenethiol  in  alkaline  solution  with  the 
oxygen  of  the  air  (Ger.  Pat.  198509,  1907) : 


2C6H4. 


< 


CO— CHa 
SH 


This  method  is  especially  useful  for  the  preparation  of  the  valuable 
alkoxy  derivatives  of  thioindigo  red  (Ger.  Pat.  202632,  1907). 

The  following  methods  are  only  of  theoretical  interest  : 

Treatment  of  thianaphthenequinone  2-anil  in  glacial  acetic  acid  solution 
with  hydrogen  sulfide,  with  separation  of  sulfur  ( Friedlander ,  Mo.  29,  371) . 

5 .  Condensation  of  2,2-dibromo-3(2)-thianaphthenone  or  thianaphthene¬ 
quinone  2-anil  with  3-thianaphthenol. 

Properties. — Strong  oxidation  in  aqueous  media  gives  thianaphthenequinone 
(p.  59).  Concentrated  nitric  acid  acts  on  a  suspension  of  thioindigo  in  glacial 
acetic  acid  to  form,  depending  on  the  temperature,  a  monosulfoxide  or  a  mono- 
sulfone  ( Posner ,  Wallis,  Ber.  57,  1673) .  Thioindigo  is  more  stable  to  alkali  than 
the  indole  indigo,  being  converted  to  thioindirubin  (p.  59)  only  by  boiling  alco¬ 
holic  KOH.  3-Thianaphthenol  and  thianaphthenequinone  are  formed  as  inter¬ 
mediate  products  in  the  latter  reaction  ( Friedlander ,  Sander,  Ber.  57,  648). 

When  thioindigo  red  is  treated  with  zinc  dust  and  alkali  or  alkaline  hydrosulfite 
solution,  a  slightly  yellow  solution  results;  from  this,  thioindigo  white,  C16H10O2S2, 
is  precipitated  by  acid.  This  compound  is  insoluble  in  water  and  readily  soluble 
in  alkali ;  in  the  air  it  oxidizes  to  thioindigo  red.  Since  it  is  also  formed  by  moder¬ 
ate  oxidation  of  3-thianaphthenol  (thioindoxyl)  with  FeCh  or  NaCIO,  it  must  be 

/C(OH)v  /(OH), 

bi thioindoxyl,  2,2 '-bi -3-thianaphthenol,  CeH4<^  ^>C — C<F  ^>CeH4, 

diacetyl  derivative,  m.p.  240°  ( Friedlander ,  Mo.  29,  372). 

Certain  generalizations  can  be  made  concerning  the  dyeing  properties  of  a  series 
of  technically  valuable  derivatives  of  thioindigo,  particularly  the  chloro,  alkoxy 
and  alkylmercapto  derivatives.  Substituents  in  the  6,6 '-position  (p-position  to 
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the  carbonyl  group)  shift  the  shade  toward  yellow,  while  substituents  in  the  5,5'- 
position  (p-position  to  the  S-atom)  make  it  more  blue.  For  light  absorption 
and  shade  of  a  number  of  thioindigo  dyes,  see  Formanek,  Z.angew.Chem.  41 
(1928),  1133. 

For  the  technical  preparation  of  thioindigo  dyes,  especially  of  the  important 
6,6'-dihalogenothioindigos,  a  procedure  depending  on  a  novel  method  for  intro¬ 
ducing  sulfur  into  the  molecule  is  in  use.  The  first  step  consists  in  the  treatment 
of  aromatic  primary  amines  with  S2CI2.  For  the  remaining  steps,  see  Ger.  Pat. 
360690,  1914;  Frdl.  XIV,  908. 

A  few  tricyclic  compounds  containing  a  thiophene  ring  fused  on  a  naphthalene 
ring  are  known : 

Naphthothiophenes  (benzothianaphthenes) .  In  this  series  also  the  3-hydroxy 
and  the  2,3-dioxo  derivatives  are  the  most  important,  because  of  their  use 
in  the  preparation  of  indigoid  dyestuffs  (Swiss  Pats.  92688,  93487-9,  1920; 
Swiss  Pats.  102033,  104921,  1922;  U.  S.  Pat.  1492054,  1924;  Brit.  Pat.  214864, 
.  1923). 

Selenindigo,  A2’2' -bi-3(2) -selenanaphthenone,  m.p.  about  330°,  reddish  brown 
crystals  from  xylene  ( Lesser ,  Weiss,  Ber.  46,  2653;  Lesser,  Schoeller,  Ber.,  47 
2292) . 


7.  INDOLES  (BENZOPYRROLES) 


The  most  important  compounds  belonging  to  this  group  were 
found  among  the  decomposition  products  of  indigo ;  their  close  rela¬ 
tion  to  indigo  was  uncovered  by  the  fundamental  research  of  Adolf 
v.  Baeyer.  Hence  the  name  indole  was  given  to  the  basic  bicyclic 
ring  system.  More  recently  the  indoles  have  been  investigated  for 
their  physiological  significance,  being  products  of  pancreatic  digestion 
and  of  the  decomposition  of  albumin. 

INDOLE  (for  formula  and  numbering,  see  p.  51),  m.p.  52°,  b.p.  245°  (dec.), 
occurs  in  coal  tar,  and  is  separated  from  the  fraction  boiling  between  240°  and 
260°  in  the  form  of  its  solid,  easily  decomposed  alkali  derivatives  by  heating  with 
KOH  or  sodium  amide  (Weissgerber ,  Ber.  43,  3520) . 

Indole  is  prepared:  1.  By  distillation  of  its  derivatives  containing  oxygen, 
such  as  oxindole  (p.  72)  and  indigo  (p.  78)  with  zinc  dust;  or,  better,  from  in- 
doxyl  or  its  carboxylic  acid  by  reduction  with  sodium  amalgam  or  zinc  dust  and 
alkali  ( Vorlander ,  Apelt,  Ber.  37,  1134;  Ger.  Pat.  152683,  1902).  Small  yields 
of  indole  are  obtained  when  a  mixture  of  aniline  vapor  and  acetylene  is  passed 
through  an  incandescent  tube  ( Majima ,  Unno,  Ono,  Ber.  55,  3854). 

2.  By  condensation  of  various  o-amino  derivatives  of  benzene,  or  by  re¬ 
duction  of  the  o-nitro  compounds;  for  example,  by  treatment  of  o-amino-/3- 
chlorostyrene  with  sodium  alcoholate,  a  reaction  analogous  to  those  used  to  pre¬ 
pare  benzofuran  (p.  51)  and  thianaphthene  (p.  56)  ( Lipp ,  Ber.  17,  1067) : 


CH=CHC1 

C6H4< 

xnh2 


/CHv 

-►  C6H4<  %CH 
\NH/ 


Also  from  o-nitrophenylacetaldehyde  or  o-nitrocinnamic  acid  by  reduction: 


/CH2-CHO 

c6h4< 

xno2 


'CHv 

c6h4<  >ch 

'NEK 


The  formation  of  indole  from  phenylglycine,  C6H5NH-CH2-COOH,  and  calcium 
formate  is  a  similar  reaction  ( Mauthner ,  Suida,  Mo.  11,  373;  Ger.  Pat.  213713, 
1908) . 

3.  The  formation  of  indole  when  alkylated  anilines  and  tetrahydroquinoline, 
particularly  cumidine  and  methyl -o-toluidine,  are  distilled  in  an  incandescent  tube 
depends  on  ortho -condensations  ( Carrasco ,  Padoa,  Atti  accad.Lincei  [5]  15,  II, 
729). 
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4.  Indole  is  formed,  together  with  skatole,  from  albuminates  in  the  pancreatic 
fermentation  or  on  fusion  with  alkali.  It  is  found  in  jasmine  and  orange  blossom 
oil  (Hesse,  Ber.  32,  2612),  in  the  essential  oil  from  Robinia  pseudacacia  [Elze, 
Chem.-Ztg.  34  (1910),  814]  and  in  the  oil  of  numerous  other  flowers  (Sack, 
Pharm.Weekbl.  48,  307). 


Properties. — Indole  crystallizes  from  water  in  shiny  platelets;  it 
possesses  a  characteristic  odor  resembling  naphthylamine,  and  is 
volatile  with  steam.  Its  solutions  and  its  vapor  color  a  pine  shaving 
moistened  with  HC1  and  alcohol  brick-red  (characteristic  reaction  of 
the  pyrrole  nucleus,  see  p.  29).  Indole  is  only  slightly  basic,  and  is 
quickly  resinified  by  acids.  As  in  pyrrole,  the  imine  hydrogen  can  be 
replaced  by  potassium  or  sodium.  With  methylmagnesium  iodide  it 
reacts  to  form  methane  and  indolylmagnesium  iodide,  C8H6N-MgI, 
which  gives  1-indolecarboxylic  acid  with  C02,  3-alkylindoles  with 
alkyl  iodides,  and  3-indolyl  ketones  with  acid  chlorides.  For  the 
mechanism  of  these  reactions,  see  Putochin,  Ber.  59,  1987;  J.Russ. 
Phys.-Chem.Soc.  58  (1926),  119;  Majima,  Hoshino,  Proc. Imp. Acad. 
Tokyo  3  (1927),  339;  C.  1927,  II,  1957.  With  picric  acid,  indole 
forms  a  compound  which  crystallizes  in  red  needles,  and  with  sodium 
bisulfite  it  forms  a  hydrosulfonic  acid  (Hesse,  Ber.  32,  2615).  With 
chloroform  and  alkali,  indole  behaves  like  pyrrole  (p.  30),  giving  both 
3-indolecarboxaldehyde  and,  by  an  enlargement  of  the  ring,  3-chloro- 
quinoline  (Ellinger,  Ber.  39,  2516).  When  heated  with  KOH  at  200°, 
the  indole  ring  is  opened,  and  o-toluidine  results  (Fromm,  Ber.  60, 
2090).  Treatment  with  active  oxygen  or  sulfomono  peracid  converts 
indole  into  indigo. 


Some  derivatives  of  indole  are  derived  from  a  desmotropic  form,  pseudoindole 

(CH2\  . 

1  )>CH;  cf.  trimethylindolenines  (p.  63) ,  nitroso-2-alkyl- 


or  indolemne,  CflH4 


1 


N: 


indoles  (p.  66)  and  diazoindoles  (p.  66)  (Angeli,  Morelli,  Atti  accad.Lincei  [5] 
17,  I,  697). 

1-Nitrosoindole,  m.p.  172°,  from  indole  and  sodium  nitrite,  seems  to  have  a 
doubled  formula  (Zatti,  Ferratini,  G.  21,  II,  23;  Ber.  23,  2299);  1-Acetylindole, 
b.p.  152°,  is  prepared,  together  with  other  products,  by  heating  indole  with 
acetic  anhydride  (Zatti,  Ferratini,  Ber.  23,  1359,  2296).  1-Benzoylindole, 
m.p.  68°,  from  the  sodium  derivative  of  indole  and  beinzoyl  chloride  (Rms- 
gerber,  Ber.  43,  3523),  is  converted  by  permanganate  in  acetone  solution  to  N- 
benzovlanthranilic  acid  (Weissgerber,  Ber.  46,  656). 

1.  HOMOLOGOUS  INDOLES  are  prepared:  (a)  By  ring-closure  of  0- 
aminobenzene  derivatives : 


,CH2CO-CH3  /CHv 

c6h4<  - >  c6h,<  >c-ch, 

\nh,  xwt/ 


o-Aminobenzyl  methyl  ketone 


2-Methylindole 


o-Aminodesoxybenzoin  condenses  to  2-phenylindole,  and  o-methylamino-/?- 
chlorostyrene  condenses  to  N-methylindole. 

(b)  By  heating  aniline  or  its  derivatives  with  compounds  containing  the 
group  — CO-CHC1 — .  Intermediate  products  form  which  contain  the  grouping 
ArN:C-CH-NHAr.  Aniline  with  chloroacetone  gives  2-methylindole,  with 
a-bromoacetophenone,  2-phenylindole  and  with  /3-bromolevulinic  acid,  2,3- 
dimethylindole  (C02  being  split  in  the  reaction) .  For  the  course  of  this  reaction, 
see  Bischler,  Ber.  25,  2860;  Bischler,  Fireman,  Ber.  26,  1336;  Japp,  Murray, 
Ber.  26,  2638;  Hell,  CoMn,  Ber.  37,  867.  Benzoin  and  aniline  condense  to  2,3- 
diphenylindole,  and  benzoin  and  w-phenylenediamino,  to  a  tetraphenylated 
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bcnzodipyrrole  [Japp,  Meldrum,  J.  75  (1899),  1044;  Richards,  J.  97  (1910),  977] . 

(c)  By  treatment  of  N-acyl-o-toluidines  with  sodium  amide,  2-alkylindoles 
being  formed  ( Verley ,  Bull.  [4]  35,  1039): 


^/CH< 

CH 

ro  rH 

V 

vU  VII3 

^NH'7 

V 

\n/ 

,cch3 

H 


(d)  An  important  reaction  for  the  formation  of  alkylindoles 
consists  in  the  condensation  of  the  phenylhj^drazones  of  aldehydes, 
ketones,  and  ketoacids  by  heating  them  with  hydrochloric  acid, 
alcoholic  sulfuric  acid,  or  zinc  chloride  ( Fischer ,  Ber.  19,  1563)  : 


/C  CH,k 

c6h5nh  n— cti  ch2  ch3 

- >  C,H,< 

%CH 

MSTH - / 

/CH3 

/CH - \ 

C6H5N(CH3)  n— c< 

- >  CeH^ 

>c-ch3 

xch3 

^N(CH ,)/ 

xch3 

/CH. 

c6h5nh  n— c< 

- >  C6H,< 

>c-co2r 

xco2r 

XNHX 

For  an  interpretation  of  the  reaction  mechanism,  see  Bodforss,  Ber.  58,  775. 

The  phenylhydrazones  are  usually  prepared  from  the  corresponding  carbonyl 
compounds,  but  in  some  cases  the  phenylhydrazine  group  is  introduced  by  cou¬ 
pling  aliphatic  1,3 -dicarbonyl  compounds  with  benzene  diazonium  chloride  [cf. 
Kalb,  Schweizer,  Schimpf,  Ber.  59,  1858;  Keimatsu,  Sugasawa,  J.Pharm.Soc. 
Japan  48  (1928),  63,  101;  C..  1928,  II,  49,  1881]. 

Pyruvic  acid  and  as -alkyl phenylhydrazines  react  smoothly  when  warmed 
with  dilute  HC1,  H2S04,  or  H3P04  to  form  1-alkylindolecarboxylic  acids.  The 
phenylhydrazones  of  /3-oxo  carboxylic  acids,  such  as  acetoacctic  ester,  usually 
give  pyrazolones,  although  some,  especially  the  as-alkylphenylhydrazones,  form 
indoles  when  heated  with  concentrated  H2S04  [Walker,  Am.Chem.J.  16  (1894), 
430]. 

In  the  case  of  aldehydes  and. ketones  which  contain  a  tertiary  methine  group 
next  to  the  carbonyl  group,  the  condensation,  in  the  presence  of  alcoholic  ZnCl2, 
hydriodic  acid  or  stannous  chloride  and  hydrochloric  acid,  takes  a  somewhat 
different  course.  The  phenylhydrazones  yield  derivatives  of  pseudoindole  or 
indolenine  (p.  62),  while  the  as-alkylphenylhydrazones  give  derivatives  of  di¬ 
hydroindole,  or  indoline  ( Plancher ,  Ber.  31,  1488;  Atti  accad.  Lincei  [5]  9,  I, 
115;  Brunner,  Ber.  31,  1948;  Mo.  21,  156;  cf.  also  indolone,  p.  72) : 


/CH(CH3)2 

/C(CH3)2. 

1. 

C6H5NHN:C< 

— >  c6h4<  >cch3 

sCH3 

\n - ? 

Trimethylpseudoindole, 

Trimethylindolenine 

/CH(CH3)2 

/C(CH3)2X 

2. 

C6H5N(CH3)N:C< 

- >  C6H4<  >C:CHo 

xCH3 

XN(CH)3x 

Trimethylmethyleneindoline 

/CH(CH3)2 

/C(CH3U  /OH 

3. 

C6H5N(CH3)N:C< 

- >  C6H4<  >c< 

xN(ch3k  xh 

Trimethylindolinol 

A  number  of  methylindoles  have  been  isolated  from  coal  tar  ( Kruber ,  Ber.  59, 
2752) . 
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Properties—  The  indoles  substituted  by  alkyl  groups  in  the  pyrrole 
nucleus  generally  have  a  fecal  odor,  and  distill  undecomposed.  The 
phenylindoles  are  odorless  and  nonvolatile.  The  homologues  of  indole 
are  more  stable  to  acid  than  indole  itself,  and  can  be  precipitated  from 
solution  in  concentrated  acid  by  the  addition  of  water.  With  picric 
acid  they  form  compounds  crystallizing  in  red  needles.  Most  indoles, 
with  the  exception  of  2,3-dialkylindoles  and  the  indolecarboxylic  acids, 
give  the  pine-shaving  reaction.  When  fused  with  caustic  potash,  the 
alkylindoles,  like  the  alkylpyrroles,  are  oxidized  to  indolecarboxylic 
acids.  With  acid  anhydrides,  nitrous  acid,  and  diazonium  compounds, 
the  indoles  react  as  the  pyrroles  (p.  28  ff.)  do,  being  substituted  in  the 
pyrrole  ring  by  acyl,  isonitroso,  and  benzeneazo  groups.  Two  mols 
of  indole  and  of  indoles  substituted  in  the  2-  or  3-position  condense 
with  1  mol  aldehyde  (Weiss,  Fastmann,  Mo.  47,  727),  to  form  com¬ 
pounds  of  the  type : 


C6H4 


C - CHR' - C' 

SCR  Rc/ 

NH  HN 


C6H4 


(either  the  2-  or  the  3-hydrogen  atom  can  take  part  in  this  reaction) 
(. Renz ,  Loew ,  Ber.  36,  4326;  Feuerstein,  Brass,  Ber.  37,  822;  Renz, 
Ber.  37, 1221;  v.  Walther,  Clemen,  J.pr.  61,  249).  These  condensation 
products  can  be  oxidized  to  dyestuffs  resembling  fuchsin,  the  rosin- 
doles,  which  are  also  obtained  directly  by  condensation  of  the  corre¬ 
sponding  indoles  with  benzoyl  chloride  in  the  presence  of  ZnCl2  (Fischer, 
,  Wagner,  Ber.  20,  815).  4,4'-Diaminobenzophenone  (Vol.  Ill,  p.  519) 
reacts  similarly  to  the  aldehydes,  forming  red  to  violet  dyes  (Ger. 
Pat.  128660,  1901).  2 -Methylindole  condenses  with  aldehydes  also 

to  give  compounds  of  the  type : 


fC=CHR 


CCH3 


(Freund,  Lehach,  Ber.  36,  308;  38,  2640).  In  its  desmotropic  form 
(cf.  p.  62)  2-methylindole  also  reacts  with  aromatic  nitroso  com¬ 
pounds  (Angeli,  Morelli,  Atti  accad.Lincei  [5]  17,  I,  697). 

The  behavior  of  indole  and  alkylated  indoles  on  exhaustive  alkylation  with 
alkyl  iodides  is  rather  complex.  For  example,  indole  and  2-methylindole,  when 
treated  with  methyl  iodide,  are  first  completely  methylated  in  the  pyrrole  ring, 
and  then  add  another  methyl  group;  this  product  is  proved  to  be  1,3,3 -trimethyl- 
2-methyleneindoline  by  synthesis  (see  p.  63),  by  oxidation  to  trimethyloxindole 
(p.  72),  and  by  conversion  to  trimethylpseudoindole  (see  p.  63),  from  which  it 
can  be  regenerated  by  methylation  ( Plancher ,  Ber.  31,  1488;  Gazz.  28,  II,  333; 
Piccinini,  Atti  accad.Lincei  [5]  7,  I,  358) : 


C6H4 


I 


C(CI43) 

N(CH3) 


^>cch3 


* 


C(CH3)2' 

N(CH3)- 


C:CH2 


c6h4- 


C(CH3)2 
N= 


CCHa 
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The  methylenetrimethylindoline  is  converted  by  further  methylation  to  ethyli- 
dene-  and  isop ropy l idenetr imethylindolines ,  which  are  also  obtained  from  ethyl 
isopropyl  ketone  and  diisopropyl  ketone  methylphenylhydrazones: 


C6H4 


rc(CH3)2. 


lN(CH3) 

ic(ch3)2 


CrCHCHg 


C6H4 


N(CH3) 


/Ch3 

C:C<  <- 
XCH3 


C6H5N(CH3)N:C 


•CH(CH3)2 

CH(CH3)2 


The  ethylation  of  methylated,  ethylated  or  phenylated  indoles  follows  a  similar 
course.  Isomerization  caused  by  wandering  of  the  alkyl  groups  has  also  been 
observed  ( Plancher ,  Gazz.  28,  II,  374;  Atti  accad.Lincei  [5[  9,  I,  115;  ibid.  11, 
IT,  182). 

When  alkylindoles  are  warmed  with  chloroform  and  sodium  alcoholate,  the 
pyrrole  ring,  as  in  pyrrole  (p.  30)  and  indole  (p.  62),  is  enlarged,  so  that,  in 
addition  to  the  indole  aldehydes,  3-chloroquinolines  are  also  formed.  2,3-Di- 
methylindole  yields  first  S-dichloromethyl-2 ,3-dimethylpseudoindole ,  which  is  con¬ 
verted  by  warming  with  sodium  ethylate  to  3-chloro-2,4:-dimethylquinoline 
{ Plancher ,  Carrasco ,  Atti  accad.Lincei  [5]  14,  I,  162) : 


/C(CHC12)(CH3)x 

C6H<n___1_>C  ’ CH3 


C6H, 


■C(CH3) :  CC1 
N=i-CH3 


1- Methylindole,*  b.p.  239°,  1-ethylindole,  b.p.  247°,  1  -allylindole ,  b.p.  252° 
( Michaelis ,  Luxombourg,  Ber.  26,  2175),  and  1-phenylindole,  b.p.  327°,  are  pre¬ 
pared  from  their  carboxylic  acids  by  decarboxylation.  N-Methyl-  and  N-ethyl- 
indole  are  oxidized  by  bromine  and  sodium  %droxide  solution  to  methyl-  and 
ethylisatin  (p.  75).  1-Benzoylindole,  m.p.  68°,  b.p.  213°  (16  mm.),  from  the 
sodium  derivative  of  indole  and  benzoyl  chloride  ( Weissgerber ,  Ber.  43,  3523) . 

2- Methylindole,  methylketole,  m.p.  59°,  b.p.  268°,  from  o-aminobenzyl  methyl 
ketone,  from  the  phenylhydrazone  of  acetone  (see  above)  and  from  coal  tar 
{Kruber,  Ber.  59,  2752) ,  resembles  indole  in  odor  and  behavior.  Oxidation  in 
fused  alkali  gives  the  2-carboxylic  acid,  while  oxidation  with  permanganate  splits 
the  pyrrole  ring,  producing  N-acetylanthranilic  acid.  When  passed  through  an 
incandescent  tube,  it  rearranges,  like  2-methylpyrrole  (p.  31),  to  quinoline 
{Pictet,  Ber.  38,  1949) .  With  chloroform  and  sodium  alcoholate  it  gives  3 -chloro- 
quinaldine  { Magnanini ,  Ber.  21,  1940). 

3- Methylindole,  skatole,  m.p.  95°,  b.p.  265°,  occurs  in  coal  tar  (in  traces)  and 
in  human  feces,  together  with  a  little  indole;  it  is  formed  in  the  putrefaction  or 
alkali  fusion  of  albumins,  and  is  best  synthesized  from  propylenephenylhydrazine 
(see  above).  It  has  a  penetrating  fecal  odor.  With  chloroform  and  sodium 
alcoholate  it  gives  3 -chlorolepidine  {Ellinger,  Flamand,  Ber.  39,  4388).  3-Ethyl- 
indole,  m.p.  43°,  from  indolylmagnesium  iodide  and  ethylmagnesium  iodide, 
and  from  the  phenylhydrazone  of  n-butyraldehyde  ( Plancher ,  Carrasco,  Atti 
accad.Lincei  [5]  14,  II,  677).  4-Methylindole,  liquid,  b.p.  267°  {Kruber,  Ber. 
62,  2877).  5-Methylindole,  m.p.  60°,  and  7-methylindole ,  m.p.  85°,  are  iso¬ 
lated  from  coal  tar  {Kruber,  Ber.  59,  2753,  2759) . 

2,3-Dimethylindole,  m.p.  106°,  from  the  phenylhydrazone  of  methyl  ethyl 
ketone  {Fischer,  Ann.  236,  128).  1,2,3-Trimethylindole,  b.p.  280°  (see  above). 

2-Phenylindole,  m.p.  187°,  is  obtained  from  the  phenylhydrazone  of  aceto¬ 
phenone,  from  o-nitrodesoxybenzoin,  from  a-bromoacetophenone  and  aniline, 
and  from  3-phenylindole,  m.p.  89°,  by  heating  with  zinc  chloride  at  170°  {Fischer, 
Schmidt,  Ber.  21,  1811).  Rearrangements  like  that  of  3-phenylindole  also  take 
place  in  methylphenylindoles  {Ince,  Ann.  253,  35).  2,3-Diphenylindole,  m.p. 
124°,  from  desylaniline  or  the  phenylhydrazone  of  desoxybenzoin  {Bischler, 


*  For  the  numbering  of  substituents,  see  p.  51. 
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Fireman,  Ber.  26,  1341).  2- (2 '-Thienyl) indole,  m.p.  162°,  and  2 -(1 -naphthyl  )in- 

dole,  m.p.  180°,  are  prepared  from  the  phenylhydrazones  of  thienyl  and  naphthyl 
methyl  ketones  ( P schorr ,  Kuhtz,  Ber.  38,  217). 

yC(CH3)2x 

2,3,3-Trimethylpseudoindole,  C6H4<\  \CCH3,  b.p.  229°  ( Plancher , 


Bettinelli,  Gazz.  29,  I,  106),  from  the  phenylhydrazone  of  methyl  isopropyl  ke¬ 
tone  (see  above) .  2,3-Dimethyl-3-ethylpseudoindole,  b.p.  243  °,  from  the  phenyl¬ 
hydrazone  of  3 -methyl -2-pentanone  (c/.  Plancher ,  Atti  accad.Lincei  [5]  9,  I, 
115) .  2-Methyl-3,3-diethylpseudoindole  is  prepared  by  ethylation  of  2-methyl- 
indole. 

2.  HALOGEN  DERIVATIVES.  Chlorine  is  introduced  into  the  heterocyclic 
ring  of  indoles  by  the  action  of  sulfuryl  chloride  on  their  solutions  in  ether,  by 
treatment  of  1-benzoylindoles  with  chlorine  ( Weissgerber ,  Ber.  46,  652)  or  by 
the  reaction  of  oxindole  or  3 -hydroxy oxindole  with  PC15.  The  position  of  the 
halogen  in  the  monochloro  derivative  has  not  been  determined.  Py-Monochloro- 
indole,  m.p.  94°;  monobromoindole,  m.p.  67°  ( Weissgerber ,  Ber.  46,  653); 
2,3-dichloroindole,  m.p.  104°;  3-iodoindole,  m.p.  72°  {Pauly,  Gundermann, 
Ber.  41 ,  4005) . 

3. ’  NITROSO,  NITRO,  AND  BENZENEAZO  DERIVATIVES.  When 
treated  with  nitrous  acid,  from  NaN02  and  glacial  acetic  acid  or,  better,  from 
amyl  nitrite  and  sodium  alcoholate,  and  with  nitric  acid,  from  ethyl  nitrate  and 
sodium  in  ether,  only  those  indoles  which  are  unsubstituted  in  a  3 -position  react 
immediately.  Thus,  indole,  2-methylindole,  2-phenylindole,  and  the  like  are 
converted  to  nitroso  and  nitro  derivatives,  which  also  exist  in  the  tautomeric 
forms  of  isonitroso  and  isonitro  compounds: 


rc— no 


( C=NOH 
or  C6H4  ^CH 

In  ’ 


fC— N02  fC=NOOH 

C6hJ  ScH  or  C6H4  ^>CH 
(NH  (N 


The  nitroso  group  is  oxidized  to  the  nitro  group  by  permanganate.  3-Nitroso- 
indole,  dec.  170°  ( Madelung ,  Ann.  405,  87,  91).  3 -Nitroso -2-methylindole, 

m.p.  198°  (dec.).  3-Nitroso-2-phenylindole,  m.p.  250°.  3-Nitroindole,  yellow 
needles,  m.p.  210°,  is  also  obtained  from  3 -nitroindole-2 -carboxylic  acid  (see 
below),  which  is  proof  of  its  constitution;  further  nitration  with  nitric  acid  in 
glacial  acetic  acid  converts  it  to  2,3-dinitroindole,  dec.  260°.  3-Nitro-2-methyl- 
indole,  yellow  scales,  m.p.  248°.  3-Nitro-2-phpnylindole,  m.p.  239-241°.  The 
nitrosophenylindole  is  oxidized  by  chromic  acid  to  benzoyl anthranilic  acid,  the 
nitromethylindole  by  permanganate  to  3-nitroindole-2-carboxylic  acid. 

The  indoles  substituted  in  the  2-position  also  react  smoothly  with  diazonium 
compounds:  3-phenylazo-2-methylindole,  m.p.  115°;  3 -phenylazo -2-phenyl¬ 

indole,  m.p.  166°. 

4.  AMINOINDOLES.  2-Aminoindole,  lustrous  prisms,  diacetyl  derivative, 
m.p.  142°,  is  prepared  by  the  intramolecular  rearrangement  of  o-aminobenzyl 
cyanide  when  warmed  with  alcoholic  sodium  ethylate : 


/CH2-CN  /CHx 

c6h,<  - >  c«h4<  >c-nh2 

xNH2  ''NIK 

( Pschorr ,  Hoppe,  Ber.  43,  2543).  3 -Amino -2-methylindole,  m.p.  113°,  and  3- 
amino-2-phenylindole,  m.p.  180°,  from  the  corresponding  nitroso  compounds 
(see  above).  When  treated  with  nitrous  acid  the  3-aminoindoles  form  yellow 
diazo  compounds  of  remarkable  stability,  which  appear  to  be  derived  from  the 

Nv  /C6H4X 

desmotropic  form  of  indole  (p.  62) :  ||  )C<(  )>N.  1-Aminoindole  and  1- 

N/  XC(RW 

ethyl-3 -aminophenylindole  do  not  form  diazo  compounds  with  nitrous  acid. 

5.  ALDEHYDES.  Indolecarboxaldehydes  are  prepared  by  treatment  of 
indoles  with  chloroform  and  sodium  ethylate  (c/.  synthesis  of  hydroxybenzalde- 
hydes,  Vol.  Ill,  p.  343),  together  with  3-chloroquinolines;  a  better  method  is 
the  condensation  of  3-indolylmagnesium  bromide  and  formic  acid  ester  [ Majima , 
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Kotake,  Ber.  55,  3865;  Putochin,  J.Russ.Phys.Chem.Soc.  58  (1926),  119]. 
Several  indolecarboxaldehydes  have  been  obtained  by  the  action  of  HCN  and 
HC1  on  indoles  ( Fischer ,  Pistor,  Ber.  56,  2313).  3-Indolecarboxaldehyde,  m.p. 
195°,  is  formed  by  the  oxidation  of  tryptophan  (see  below)  with  FeCl3.  Oxime, 
m.p.  200°.  Permanganate  oxidizes  it  to  3-indolecarboxylic  acid.  When  warmed 
with  dilute  mineral  acids,  it  forms  a  red  dye.  It  is  used  in  the  synthesis  of  several 
indole  derivatives  having  side-chains  in  the  3 -position  (see  tryptophan,  and 
Majima,  Kotake,  Ber.  58,  2037).  2-Methylindole-3-carboxaldehyde,  m.p.  198°, 
is  obtained  from  2-methylindole  with  amyl  formate  and  sodium  ethylate,  or  with 
HCN  and  HC1  ( Fischer ,  Pistor,  Ber.  56,  2313) . 

6.  KETONES.  Indolyl  ketones  are  prepared  by  the  reaction  of  indolyl- 
magnesium  iodides  (p.  62)  with  acid  chlorides,  or  by  the  treatment  of  indoles 
with  cyanides  and  gaseous  HC1  ( Fischer ,  Pistor,  Ber.  56,  2313) .  3 -Indolyl  methyl  * 
ketone,  C8H6N-COCH3,  m.p.  189°,  and  3-indolyl  ethyl  ketone,  m.p.  158°,  are 
formed  by  the  alkali  fusion  of  3-indolecarboxylic  acid.  3 -Indolyl  phenyl  ketone, 
m.p.  170°.  2-Methylindolyl  methyl  ketone,  m.p.  195°  ( Fischer ,  Pistor,  Ber.  56, 
2313). 

7.  CARBOXYLIC  ACIDS.  Indolecarboxylic.  acids  are  obtained:  (a)  from 
the  phenylhydrazones  of  p}nuvic  acid  and  its  derivatives  (p.  63)  by  reac¬ 
tions  similar  to  those  used  in  the  preparation  of  pyrrolecarboxylic  acids;  (6) 
from  indoles  by  heating  with  Na  and  C02;  (c)  from  alkylindoles  by  fusion  with 
alkali  ( Ciamician ,  Magnanini,  Ber.  21,  1925).  When  heated  alone  or  with 
calcium  hydroxide,  the  indolecarboxylic  acids  decompose  into  indoles  and  C02. 

1 - Indolecarboxylic  acid,  CsH6N-C02H,  m.p.  108°  (dec.),  from  indolylmag- 
nesium  iodide  and  C02  ( Oddo ,  Sessa,  Gazz.  41,  I,  234;  cf.  Majima,  Kotake,  Ber. 
55,  3865). 

2- Indolecarboxylic  acid,  m.p.  200°  (dec.),  from  the  phenylhydrazone  of  pyru¬ 
vic  acid,  from  2-methylindole  by  alkali  fusion,  and  from  tetrahydrocarbazole 
(p.  87)  by  fusion  with  alkali.  It  is  also  formed  by  reduction  of  o-nitrophenyl- 
pyruvic  acid  with  zinc  dust  and  glacial  acetic  acid;  reduction  with  sodium 
amalgam  gives  1-hydroxyindolecarboxylic  acid  ( Reissert ,  Ber.  30,  1045).  When 
heated  with  acetic  anhydride  2-indolecarboxylic  acid  forms  an  imide-anhydride 
analogous  to  pyrocoll  (p.  37)  ( Anderlini ,  Ber.  22,  2503).  For  derivatives  of  the 
acid  such  as  the  hydrazide  and  azide,  see  Piccinini,  Salmoni,  Gazz.  32,  I,  246. 

3 - Indolecarboxylic  acid,  m.p.  218°  (dec.),  from  skatole  by  alkali  fusion,  from 

indole  with  Na  and  C02  (Weissgerber ,  Ber.  43,  3526)  or  from  indolylmagnesium 
bromide  and  C02  ( Majima ,  Kotake,  Ber.  55,  3865).  It  does  not  form  an  imide- 
anhydride  ( Zatti ,  Ferratina,  Ber.  23,  2296).  Indigo  in  yields  up  to  38%  is  ob¬ 
tained  from  3-indolecarboxylic  acid  in  alkaline  solution  with  air  containing  ozone, 
while  not  a  trace  of  the  dye  is  formed  by  the  isomeric  2-carboxylic  acid  ( Weiss¬ 
gerber,  Ber.  46,  657).  Its  nitrile,  m.p.  178°,  is  prepared  by  the  action  of  sodium 
and  formic  acid  ester  on  o-aminobenzyl  cyanide,  and  by  treatment  of  3-indole- 
aldoxime  with  acetic  anhydride  ( Pschorr ,  Hoppe,  Ber.  43,  2548).  1, 2-Di¬ 

me  thylindole -3 -carboxylic  acid,  m.p.  200°,  from  the  methylphenvlhydrazone 
of  acetoacetic  ester: 


C6H5N(CH3)  •  N :  C(CH3)  •  CH2  •  C02R 


3-Indoleacetic  acid,  a-skatolecarboxylic  acid,  m.p.  165°,  from  the  phenylhydra¬ 
zone  of  d-formylpropionic  acid  ester  (Vol.  I,  p.  461),  CVHsNHN: CHCH2CH2- 
COOC2H5,  according  to  method  d  (p.  63)  ( Ellinger ,  Ber.  37,  1801).  It  occurs 
with  indole,  skatole,  and  3-indolepropionic  acid,  m.p.  134°,  in  the  putrefaction 
products  of  albumins.  The  indolepropionic  acid  is  prepared  from  the  phenyl¬ 
hydrazone  of  Y-formylbutyric  acid  ester,  C6H5NH -N: CH •CH2-CH2-CH2C02- 
C2H5  ( Ellinger ,  Ber.  38,  2884;  Kalb,  Schweizer,  Schimpf,  Ber.  59,  1858).  Both 
indoleacetic  acid  and  indolepropionic  acid  are  formed  in  the  decomposition  of 
tryptophan . 

Z-TRYPTOPHAN,  a-amino-3 -indolepropionic  acid,  3 -indolylalanine , 


m.p.  about  289°,  is  produced  in  the  hydrolysis  of  most  proteins.  It  derives  its 
name  from  its  occurrence  in  the  tryptic  digestion  of  proteins,  where  its  presence  is 
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shown  by  an  intense  red-violet  color  reaction  to  bromine  (the  tryptophan  reaction) . 
It  was  first  obtained  in  a  pure  condition  in  1901.  Although  tryptophan  accounts 
for  only  1  to  3%  of  the  structure  of  most  proteins,  it  is  a  vital  amino  acid.  Ferric 
chloride  oxidizes  it  to  3-indolecarboxaldehyde  (see  above),  from  which  it  can  be 
obtained  synthetically.  Like  benzaldehyde  (Vol.  Ill,  p.  268),  3-indolecarbox¬ 
aldehyde  condenses  with  hippu)ric  acid,  sodium  acetate  and  acetic  anhydride, 
forming  ct-benzoylamino-3-indoleacrylic  acid  lactone;  after  saponification  of  the 
lactone  group  with  sodium  hydroxide,  the  product  is  reduced  with  sodium  and 
alcohol,  which  also  splits  off  the  benzoyl  group,  leaving  racemic  tryptophan,  m.p. 
285°  ( Ellinger ,  Ber.  40,  3029;  Ellinger,  Flamand,  Z. physiol. Chem.  55,  8) : 

C8H6N  •  CH :  C — N :  C  •  C6H6 

I  I 

CO — o  - > 

C8H6N  •  CH :  C  •  NH  •  COC6H5  C8H6N  •  CH2CH  •  NH2 

I  I 

COONa  - >  COOII 


An  analogous  synthesis  of  dZ-tryptophan  starts  from  hydantoin  instead  of  hip- 
puric  acid  ( Majima ,  Kotake,  Ber.  55,  3859). 

Properties. — Besides  the  reaction  with  bromine  mentioned  above,  tryptophan 
gives  a  whole  series  of  color  reactions,  most  of  which  involve  the  pyrrole  ring. 
A  weak  hydrochloric  acid  solution  of  tryptophan,  containing  formaldehyde,  turns 
blue  to  red-violet  on  addition  of  concentrated  sulfuric  acid.  The  reaction  is 
made  more  sensitive  (1:125,000)  by  using  dimethylarpinobenzaldehyde  \Komrn, 
Z.  physiol.  Qhem .  156,  35;  Lieben,  Popper,  Biochem.Z.  173,  455],  gly- 

oxylic  acid  (Edlbacher ,  Z. physiol. Chem.  105,  240)  or  vanillin  ( Blanchetiere ,  C.r. 
180, 2072)  in  place  of  formaldehyde.  With  ninhydrin  (triketol^drindenehydrate) 
tryptophan  gives  the  characteristic  blue-violet  coloring  of  the  a-amino  acids  (see 
Vol.  I,  p.  439,  and  Riffart,  Biochem.Z.  131,  78). 

When  exposed  to  the  action  of  the  bacteria  of  putrefaction,  tryptophan  is 
decarboxylated  to  3-(2 -aminoethyl) -indole,  C8H6N  -CH2-CH2NH2,  m.p.  146° 
(m.p.  114°?,  Majima,  Hoshino,  Ber.  58,  2045),  which  can  also  be  prepared  from 
the  phenylhydrazone  of  y-aminobutyraldehyde  by  heating  with  ZnCl2  ( Ewins , 
J.  99,  270).  In  the  dog’s  body  Z-tryptophan  is  transformed  into  kynurenic 
acid  or  4-hydroxyquinoline-2-carboxylic  acid.  This  reaction  seems  to  take 
place  in  these  steps  ( Ellinger ,  Z. physiol. Chem.  109,  261) : 


S\ 


V\Ny 

H 


C— CH2-CHNH2-COOH 
CH 


/\ 


Vv 

NH 


C— CH2COCOOH 
CH 


-coch2cocooh 


NH-iCOOiH 


Oil 


^ch 


oh 

/\/\h 


nh2 


CO-COOH 


\/w 


COOH 


Kynurenic  acid 


For  polvpeptides  of  tryptophan,  see  Abderhalden,  Ber.  42,  2331,  and  Fischer , 
Ber.  42,  4320. 

1 -Methyl -3-indoleacetic  acid,  m.p.  129°,  from  1-methylindole  and  diazo- 
acetic  ester  ( Piccinini ,  Atti  accad.Lincei  [5]  8,  I,  312).  2-Carboxyethyl-3- 
indoleisosuccinic  acid,  m.p.  199°,  from  the  diethyl  ester,  which  can  be  ob- 
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taincd  by  treatment  of  2-indolepropionic  acid  with  methoxymethylmalonic  ester 
(. Maurer ,  Moser ,  Z. physiol. Chem.  161,  131). 

8.  Py(  1,  2  or  3)-HYDROXYINDOLES.  Indoxyl,  3 -hydroxy indole, 

yC(OH)\ 

CcH4<  >CH 

XNH - / 

yellow  crystals,  m.p.  85°,  is  formed  by  the  decarboxylation  of  indoxylic  acid  when 
warmed  in  water  ( Vorlander ,  Drescher,  Ber.  35,  1701).  Indoxyl  is  synthesized 
directly  from  N-methylanthranilic  acid,  CH3NHC6H4COOH,  and  from  phenyl- 
glycine,  C6H5NHCH2COOH,  by  fusion  with  sodium  amide  (cf.  indigo  syntheses, 
p.  79).  The  indigo-forming  constituent  of  the  indigo  plant,  indican  ( vegetable 
indican ),  CuHnOeN  *3H20,  m.p.  58°,  anhydrous,  m.p.  180°  (constitution: 
Macbeth ,  Pryde,  J.  1923,  I,  1627)  is  a  glucoside  of  indoxyl  [ Hazewinkel ,  Chem.- 
Ztg.  24  (1900),  I,  1294;  Hoogewerff,  Ter  Meulen,  Rec.  19,  166;  Ter  Meulen 
Rec.  28,  339].  The  solution  of  indoxyl  in  water  has  a  yellow  fluorescence.  In¬ 
doxyl  is  rather  unstable  and  resinifies  readily.  It  dissolves  in  concentrated  hydro¬ 
chloric  acid  with  a  red  color.  In  alkaline  solution  it  oxidizes  in  the  air  to  indigo; 
the  oxidation  is  accelerated  by  ferric  chloride : 


2C8H7ON  +  02  =  (C8H5ON)2  +  2H20 

Indoxyl  Indigo 


When  warmed  with  potassium  pyrosulfate  indoxyl  forms  the  potassium  salt  of 
indoxylsulfuric  acid,  C8H6N -0-S03K,  which  is  found  in  the  urine  of  plant-eating 
animals  and  in  human  urine  after  the  ingestion  of  indole  ( urine  indican ) ;  when 
warmed  with  acids  this  salt  regenerates  indoxyl,  which  forms  indigo  on  treat¬ 
ment  in  the  cold  with  a  little  FeCl3  (test  for  indoxylsulfuric  acid  in  urine) . 

Acetic  anhydride  reacts  with  free  indoxyl  to  give  N-acetylindoxyl,  m.p. 
136°,  but  in  alkaline  solution  O-acetylindoxyl,  CsH6N(OCOCH3) ,  m.p.  126°,  is 
formed.  0,N-Diacetylindoxyl,  m.p.  82°,  from  N-acetylindoxyl,  or  from  anthra- 
nilinoacetic  acid,  with  acetic  anhydride  ( Vorlander ,  v.  Pfeiffer,  Ber.  52,  325). 

In  many  cases  indoxyl  reacts  in  the  tautomeric  form  as  3(2)-indolone  (see  p. 
70). 

/C(OHR 

Indoxylaldehyde ,  C6H4<'  yC  CHO,  lustrous  needles,  which  decompose 

\NH - / 


at  160°,  is  formed  by  fusion  of  indigo  with  KOH,  together  with  anthranilic  acid, 
with  which  it  condenses  in  the  presence  of  acids  to  chrysanilic  acid,  C8H6ON*- 
CHiNCoIRCCbH  (F  riedlander ,  Schwenk,  Ber.  43,  1971). 

INDOXYLIC  ACID,  3-hydroxyindole-2-carboxylic  acid, 

/C(OHk 

c6h4<  Vfcooh 

xNH - / 

m.p.  123°  (dec.),  is  prepared  from  its  ethyl  ester,  m.p.  116°,  by  fusion  with 
NaOH  ( Forrer ,  Ber.  17,  976).  The  ester  is  obtained:  1.  By  reduction  of  o- 
nitrophenylpropiolic  acid  ester,  or  of  its  rearrangement  product,  isatogen-2- 
carboxylic  acid  ester  (see  p.  74),  with  ammonium  sulfide: 


C6H4 


{ 


c=c-co2r 

no2 


H 


- > 

ammonium  sulfide 


(  C(OHk 

C6H4<  >c-co2r 
I  NH - / 


Indoxanthinic  acid  ester  has  been  observed  to  be  an  intermediate  product  of  this 
reaction  (Ger.  Pat.  17656,  1881) ;  this  oxidizes  to  indoxylic  acid  ester. 

2.  By  condensation  of  anilinomalonic  acid  ester  at  260-265°  (Blank,  Ber. 
31,  1816): 


c6h5nhch 


COOR 

COOR 


C6H4 


|c(OH) 

\nh — / 


VbCOOR 


3.  By  heating  N-o-carboxyphenylglycine  with  caustic  alkali,  a  method  of 
technical  importance  (Vorlander,  v.  Pfeiffer,  Ber.  52,  325): 
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/COOH  Na0H  yC(OH)s 

C6H4<  - >  C6H4<  ^C-COOH 

xNHCH2COOH  xNH- 


The  esters  of  N-o-carboxyphenylglycine  are  condensed  to  indoxylic  acid  esters 
by  sodium  ethylate  solution.  The  N-acyl  and  N -alkyl  derivatives  react  even 
more  readily;  the  latter  give  N-alkylindoxylic  acid  esters  ( Vorlander ,  Ber.  35, 
1683;  Vorlander,  Murnme,  Ber.  35,  1699). 

When  warmed  with  concentrated  sulfuric  acid,  indoxylic  acid  esters  give  a 
quantitative  yield  of  indigotin-5,5'-disulfonic  acid.  Indoxylic  acid  esters  are  con¬ 
verted  to  indigo  by  heating  with  alkali  while  air  is  blown  in,  and  to  a  dimolecular 
imide-anhydride  (like  indole-2-carboxylic  acid,  p.  67)  by  heating  at  240-260° 
( Conrad ,  Reinbach,  Ber.  35,  524). 

The  phenol  character  of  indoxylic  acid  esters  is  shown  in  their  solubility  in 
alkalis,  from  which  solutions  they  can  be  reprecipitated  with  C02.  Ethyl  iodide 
reacts  with  salts  of  indoxylic  acid  esters  to  form  O-ethylindoxylic  acid  esters, 
C8H5(0C2H5)NC02R,  which  are  hydrolyzed  to  O-ethylindoxylic  acid,  m.p.  160°, 
by  barium  hydroxide;  this  acid  loses  C02  when  heated,  leaving  O-ethylindoxyl, 
C8H6(OC2H5)N,  which  resembles  indole  in  odor  and  behavior.  When  warmed 
with  HC1  O-ethylindoxylic  acid  gives  indoxyl;  when  treated  with  nitrous  acid, 
it  forms  pseudoisatoxime  (p.  76). 

In  many  reactions  indoxyl  and  indoxylic  acid  yield  products  which  are  derived 
from  the  tautomeric  3(2)-indolone  (A).  The  divalent  group  (B)  is  called  the 


(A) 


pseudoindoxyl  or  indogen  group,  and  the  compounds  formed  by  the  condensation 
of  indoxyl  or  indoxylic  acid  with  aldehydes,  ketones  and  ketone  carboxylic 
acids  are  called  indogenides  ( Baeyer ,  Ber.  16,  2197) :  * 


c=chc6h5 


Indogenide  of  benzaldehyde 


C=C(CH3)C02H 


Indogenide  of  pyruvic  acid 


The  indogenides  of  protocatechualdehyde  and  of  aminobenzaldehyde  are  dye¬ 
stuffs  [ Noelting ,  Bull.soc.ind.Mulhouse  72  (1902),  236]. 

The  reaction  of  isatin  and  indoxyl  ( Forrer ,  Ber.  17,  976)  produces  the  indogenide 
indirubin  (p.  84) : 


/COv  /C6H4v  /COx  /C6H4v 

C6H4<  >CH2  +  OC<  >NH  - >  C6H4<  >C=C<  >NH 

\NH/  \m/  \m/ 


CO 


VNH' 


CO 


which  is  isomeric  with  indigo.  Indigo  is  formed  by  the  oxidation  of  indoxyl  (p. 
69)  or  by  condensation  of  indoxyl  with  isatin-a-chloride  (2-chloro-3-pseudo- 
indolone) ,  and  therefore  may  be  regarded  as  diindogen : 

,COx  /COv 

c6h4<  >c=c<  >c6h4 

Nnh/  Nnh/ 

Indigo  (Diindogen) 

By  a  similar  reaction  3 -thianaphthene -2 -indole -indigo,  2-(2-oxo-3-thianaph- 

.cox  /C6H4x 

thenylidene)-pseudoindoxyl,  C6H4<  >C:C<  >S,  is  obtained  from  in- 

Nnfbk  \  CO  / 

doxyl  and  thianaphthenequinone  ( Bezdzik ,  Friedlander,  Mo.  29,  375),  and  1- 

acenaphthene-2-indole  indigo,  2-(2-oxo-l-acenaphthenylidene)  -pseudoindoxyl, 

/COv  /CO 
C6H4<  >C:C<  | 

NNH/  XCioH6 

from  indoxyl  and  acenaphthenequinone  ( Grob ,  Ber.  41,  3332). 
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1-Hydroxyindole -2 -carboxylic  acid,  m.p.  159°  (dec.),  is  prepared  by  boiling 
o-nitrobenzylmalonic  acid  with  sodium  hydroxide  solution: 


and  by  the  reduction  of  o-nitrophenylpyruvic  acid  with  sodium  amalgam. 
The  acid  is  readily  reduced  to  2-indolecarboxylic  acid.  It  is  oxidized  by  per¬ 
manganate  to  o-azoxybenzoic  acid,  by  chromic  acid  to  isatin.  The  hydroxy  group 
on  the  N  is  easily  acylated  and  alkylated.  In  the  presence  of  calcium  hypochlo¬ 
rite,  sodium  peroxide  and  the  like,  l-hydroxyindole-2-carboxylic  acid  rearranges 
to  indoxin,  a  blue  dyestuff  similar  to  indigo,  but  soluble  in  alkali  and  unstable; 
when  the  solution  of  this  dye  in  concentrated  sulfuric  acid  is  diluted  and  allowed 
to  stand  in  the  air,  indigo  precipitates  in  good  yield  ( Reissert ,  Ber.  29,  639;  30, 
1045,  1052). 

1 -Hydroxy -2-phenylindole,  C8H5N(C6H5) (OH),  m.p.  175°,  is  obtained  by  the 
action  of  concentrated  sulfuric  acid  on  the  oxime  of  benzoin  ( Angeli ,  Angelico, 
Atti  accad.Lincei  [5]  15,  II,  761). 


< 


HYDROINDOLES.  Indoline,  2,i 3  -dihydroindole,  C6H 


b.p. 


NH 


221°,  is  prepared  from  indole  by  electrolytic  reduction,  but  more  readily  from  1- 


methylindoline  by  heating  with  HI  and  phosphorus  ( v .  Braun,  Ber.  45,  1285). 
1-Benzoylindoline,  m.p.  119°;  nitrosoindoline ,  m.p.  84°.  Alkylindoles  are  re¬ 
duced  with  greater  ease  than  indole  itself,  either  electrolytically  or  with  Sn 
and  HC1.  The  hydroindoles  differ  greatly  from  indole  in  their  behavior,  resem¬ 
bling,  rather,  the  alkylated  anilines.  With  silver  sulfate  the  dihydroindoles  are 
oxidized  to  indoles  ( Kann ,  Tafel,  Ber.  27,  827).  1-Methylindoline,  b.p.  216° 
(Wenzing,  Ann.  239,  246).  2-Methylindoline,  b.p.  227°,  is  resolved  into  opti¬ 
cally  active  components  by  bromocamphorsulfonic  acid.  When  heated  with  HI 
and  phosphorus,  2-methylindoline  gives  o -propyl aniline.  With  malonic  acid  ester 
it  forms  a  tricyclic  condensation  product  ( Bamberger ,  Sternitzki,  Ber.  26,  1298) : 


2,3 -Dime thylindoline,  b.p.  229°. 


2,2-Dimethylindoline,  C6H4« 


tion  of  o-isopropylaminobenzyl  alcohol.  The  isomeric  3,3-dimethylindoline, 
m.p.  35°,  b.p.  228°,  is  prepared  by  reduction  of  3, 3-dimethyloxindole  (p.  72)  or, 
better,  by  reduction  of  the  condensation  product  of  isobutylidenephenylhydra- 


zine,  the  trimolecular  3,3  -dimethylpseudoindole, 


( Brunner ,  Mo.  18,  115). 

1 ,3 -Trialky  l-2-alkylideneindolines ,  such  as  trimethylmethyleneindoline, 


C(CH3)2' 

N(CH3)- 


> 


C:CH 


b.p.  129°  (21  mm.),  and  l-phenyl-3,3-dimethyl-2-methyleneindoline,  b.p.  208° 
(52  mm.),  are  prepared  from  the  as-alkylphenylhydrazones  of  certain  ketones, 
and  by  exhaustive  alkylation  of  indoles  (see  p.  64).  1,3 ,3 -Trimethyl -2-benzyl  - 

ideneindoline,  m.p.  93°,  from  1,3,3-trimethylindolone  and  benzylmagnesium 
chloride  ( Brunner ,  Ber.  38,  1359).  Oxidation  converts  them  to  indolones  (p. 
72). 

Octahydroindole,  perhydroindole,  b.p.  185°,  chloroplatinate  m.p.  173°,  is 
formed  by  catalytic  hydrogenation  with  platinum  black  and  hydrogen.  Very 
intense  hydrogenation  (Ni  and  H2  in  an  autoclave)  causes  a  break  in  the  ring, 
producing  o-ethylhexahydroaniline  (Willstatter ,  Seitz,  v.  Braun,  Ber.  58,  385; 
v.  Braun,  Bayer,  Ber.  58,  387) . 
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Derivatives  of  indoline  containing  oxygen. — Indolinols  and  indolones  are 
pared  from  phenylhydrazones  (cf.  p.  63) :  1,3 ,3 -trimethyl -2-indolinol, 

/C(CH3)2v  /H 

c6h4<  4  >c< 

\N(CH,K  XOH 


pre- 


m.p.  95°,  and  1 -phenyl -3 ,3 -dimethyl -2-indolinol,  m.p.  125°,  are  obtained  from 
the  as -phenylmethylhydrazone  and  the  diphenylhydrazone  of  isobutyraldehyde 
with  alcoholic  hydriodic  acid  or  stannous  chloride  and  hydrochloric  acid.  When 
warmed  with  hydrochloric  acid  these  compounds  lose  a  molecule  of  water  and 
rearrange  to  trimethyl-  or  phenyldimethylindole  ( Brunner ,  Mo.  21,  156) .  1,3,3- 
Trimethyl-2-phenyl -2-indolinol,  m.p.  102°,  from  l,3,3-trimethyl-2-indolinol 
with  C6H6MgBr  ( Jenisch ,  Mo.  27,  1223). 

The  oxo  derivatives  of  indoline  are  more  important  than  the  hydroxy  deriva¬ 
tives.  The  oxindols,  or  2(3) -indolones,  may  also  be  considered  as  lactams  of  o^ 
amino-tt-toluic  acid  and  its  homologues.  The  oxindoles  can  be  prepared  by 
heating  acylphenylhydrazides  with  calcium  hydroxide,  a  reaction  analogous  to 
the  Fischer  indole  synthesis  (p.  63)  ( Brunner ,  Mo.  18,  95,  527;  cf.  Ger.  Pat. 
218727,  1908) : 


C6H6NH-NH*COCH(3 


Propionyl-,  butyryl-,  isobutyryl-  and  phenacetylphenylhydrazide  and  propionyl- 
and  isobutyrylmethylphenylhydrazide  react  similarly:  3-Methyloxindole,  atr ox- 
indole,  m.p.  123°.  3-Ethyloxindole,  m.p.  102°.  3-Phenyloxindole,  m.p.  183°. 
3-Isopropyloxindole,  m.p.  106°  ( Schwarz ,  Mo.  24,  568).  3,3-Dimethyloxindole, 
m.p.  151°.  1,3,3-Trimethyloxindole,  m.p.  47°,  b.p.  265°,  is  formed  by  oxida¬ 
tion  of  the  corresponding  indolinol  (see  above)  or  of  trimethylalkylindeneindoline 
(p.  63). 

The  following  compounds  are  important  because  of  their  relation  to  indigo : 

/CH*. 

1.  Oxindole,  2(3 )-indolone,  CeH4<^  /CO,  m.p.  127°,  is  prepared  from 

Nne/ 

acetylphenylhydrazide  with  calcium  hydroxide  (see  above) .  It  was  first  obtained 
by  reduction  of  3 -hydroxy oxindole,  to  which  it  reverts  when  exposed  to  the  air 
while  damp.  For  this  reason  it  reduces  ammoniacal  silver  solution.  It  is  the 
lactam  of  o-aminophenylacetic  acid,  and  therefore  can  also  be  obtained  by 
reduction  of  o-nitrophenylacetic  acid  (cf.  Neber,  Ber.  55,  826).  With  N203 
oxindole  forms  isatoxime  (p.  75);  the  latter  can  be  reduced  to  aminooxindole, 
which  oxidizes  to  isatin: 


/CH2V 

C6H4<  >CO 
XNH/ 

Oxindole 


N2o3  /C:(NOH)> 

- >  C6H4<  >CO 


-NH- 


Isatoxime 


,CH(NH2)v 
c6h4<  >co 

-NH — / 


Aminooxindole 


Isatin 


CO 


Oxindole  and  N  -alkyloxindoles  are  formed  from  the  chloroacetyl  derivatives  of 
aromatic  amines  when  they  are  heated  with  A1C13  at  160-180°  (StolU,  Ber.  47, 
2120;  J.pr.  105,  137): 


Oxindole  and  its  N-alkyl  derivatives  condense  with  aldehydes  and  ketones, 
splitting  off  water  and  forming  colored  compounds  which  are  isomeric  with  the 


HYDROINDOLES 
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indogenides  derived  from  indoxyl,  and  are  therefore  known  as  isoindogenides . 
Oxindole  is  readily  converted  through  the  3-isonitroso  or  the  3,3-dibromo  deriva¬ 
tive  to  isatin  (Stolid,  J.pr.  105,  137). 

/CcJLv 

3-Benzylideneoxindole,  NH<;  /C:CHC6H5,  sulfur-yellow  needles,  m.p. 

\  CO  / 

176°.  Isoindigo,  isomeric  with  indigo  and  indirubin,  is  prepared  from  oxindole 
and  isatin  (p.  84) . 

/C(CHOK 

Oxindolecarboxaldehyde,  CeH4<(  /COH,  yellowish  needles,  m.p. 

NH— ^ 

213°,  is  formed  together  with  thiosalicylic  acid  by  the  fission  of  thioindigo  scarlet 
(p.  77)  with  alkali  (Friedlander ,  Kielbasinski,  Ber.  44,  3101). 

/CHOHv 

2.  3-Hydroxyoxindole,  dioxindole ,  C6H4<f  /CO,  m.p.  168°,  the  lactam 

\-NH-/ 

of  o-aminoman  Dlic  acid,  is  obtained  from  o-nitromandelic  acid,  or  from  isatin  by 
reduction  with  zinc  dust  and  acetic  acid  ( Heller ,  Ber.  37,  938).  Oxidation  con¬ 
verts  it  to  isatin  and  isatyde  (p.  75).  3-Alkyl-  and  3-aryl-3-hydroxyoxindoles, 
/C(OH)Rx 

CeH4<(  >CO,  are  prepared  by  treatment  of  isatin  with  organomag- 

NH— / 

nesium  compounds  ( Kohn ,  Mo.  31,  747).  A  series  of  3 -hydroxy oxindoles  sub¬ 
stituted  in  the  benzene  nucleus  are  produced  by  heating  aromatic  primary  or 
secondary  amines  with  mesoxalic  acid  esters,  the  3 -carboxylic  acid  ester  being 
formed  first  [Martinet,  Ann. chim.  [9]  11  (1919),  15]. 

/C0\ 

2-Hydroxypseudoindoxyl,  2 -hydroxy -3 (2) -indolone,  C6H4<(  /CHOH,  iso- 

xnh/ 

meric  with  3 -hydroxy oxindole,  is  called  indoxanthine .  2-Hydroxypseudoindoxyl- 
carboxylic  acid  ethyl  ester,  m.p.  107°  (not  sharp),  is  formed  by  mild  oxidation 
of  2-indoxylcarboxylic  acid  ester  in  acetone  solution  with  FeCl3  ( Baeyer ,  Ber.  15, 
775).  This  ester  is  rearranged  by  a  cold  solution  of  sodium  carbonate  to  3-hy¬ 
droxy  oxindole -S -carboxylic  acid  ester,  m.p.  152°  (Kalb,  Ber.  44,  1459). 

,-ch2-x 

3.  1-Hydroxyoxindole,  CeH4^  /CO,  colorless  rhombic  plates,  acetyl 

xN(OH  y 

derivative,  m.p.  101°,  is  prepared  by  reduction  of  o-nitrophenylacetic  acid  with 
zinc  dust  and  sulfuric  acid.  With  nitrous  acid  it  fortns  1 -hydroxyisatoxime ,  m.p. 
223°;  this,  when  oxidized  and  then  reduced,  gives  1-hydroxyisatin,  which  re¬ 
arranges  in  acid  or  alkaline  media  to  the  isomeric  anthroxanic  acid  ( Reissert ,  Ber. 
41,  3921).  For  the  preparation  of  1-hydroxyisatin  from  o-nitrobenzoyl  chloride 
and  diazomethane,  see  Arndt,  Z.angew.Chem.  40  (1927),  1099. 


/-CH2-x 

c6h4<  >co 

xN(OHK 

1-Hydroxy  oxindole 


yC:  (NOH)v 
CeH4<  >CO 

\-N(OH)-/ 

l-Hydroxyisatoxime 


c6h4 


co-v 
>co 

N(OH  Y 

1 -Hydroxyisatin 


✓Cx— COOH 
C6H4<  I  >0 
\N/ 

Anthroxanic  acid 


/CH(OH)x 

4-  1,3-Dihydroxyoxindole,  trioxindole,  C6H4<(  /CO,  m.p.  172°  (dec.) 

\  N  (OH)  / 

the  anhydride  of  o-hydroxylaminomandelic  acid,  is  obtained  by  reduction  of  0- 
nitromandelic  acid  with  zinc  dust  and  ammonia.  When  heated  by  itself  or  warmed 
with  acetic  anhydride  it  is  converted  into  isatin  by  loss  of  a  molecule  of  water; 
on  careful  oxidation  with  permanganate  it  forms  1-hydroxyisatin  ( Heller ,  Ber. 
42,470). 

5.  The  isatogens,  which  are  related  both  to  isatin  and  to  indoxyl,  are  de- 
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rived  from  a  parent  compound,  halogen,  which  has  not  yet  been  prepared 
(formulas  I  and  II) : 


C:0 


>  i 


CH 


The  2-carboxylic  acid  ester  was  first  prepared  by  A.  v.  Baeyer,  by  the  action 
of  concentrated  sulfuric  acid  on  o-nitrophenylpropiolic  acid  ester.  For  its  for¬ 
mula,  see  under  isatin. 

Isatogen  derivatives  are  also  obtained  under  milder  conditions  by  exposure  of 
the  pyridine  solution  of  o-nitrophenylpropiolic  acid  ester  to  light.  By  a  similar 
reaction  in  pyridine  solution  2-nitrotolan  (2-nitrodiphenylacetylene)  is  converted 
to  2-phenylisatogen  ( Pfeiffer ,  Ann.  411,  72). 

The  isatogens  resemble  quinones,  precipitating  I2  from  ah  acidified  potassium 
iodide  solution.  On  reduction  they  yield  indoxyl  derivatives;  3 -pseudoindolones 
have  been  isolated  as  intermediate  products  ( Ruggli ,  Bolliger,  Helv.  4,  626). 
The  isatogencarboxylic  acid  esters  are  converted  to  isatin  by  alkali.  When 
gaseous  HC1  is  led  into  the  alcoholic  solution  of  the  isatogens,  which  is  usually 
red,  yellow  isomers,  isoisatogens,  are  formed;  these  correspond  to  formula  II  (see 
above)  ( Ruggli ,  Ber.  52,  1;  Ruggli,  Bolliger,  Helv.  4,  626). 

2-Phenylisatogen,  m.p.  187°,  orange-red;  isatogen-2-carboxylic  acid  ethyl 
ester,  m.p.  112°,  methyl  ester,  m.p.  201°  ( Pfeiffer ,  Ann.  411,  149). 

Diisatogen,  m.p.  287°  (dec.),  is  prepared  from  di-(o-nitrophenyl) biacetylene 


Diisatogen 


by  treatment  with  alkali  ( v .  Baeyer )  or  by  irradiation  in  chloroform  solution 
( Ruggli ,  Bolliger,  Helv.  4,  626).  It  is  converted  to  indigo  by  reducing  agents. 

/co\ 

6 .  Isatin,  CeHZ  >CO  lactam  form,  tautomeric  with 

XNHX 

/co\ 

C6H4<(  ^C-OH,  lactime  form,  m.p.  201°,  orange-red  prisms,  was 

\N^ 

first  prepared  by  oxidation  of  indigo  with  nitric  acid  ( Erdmann ,  J.pr. 
24, 1 1 ;  Laurent ,  J.pr.  25, 434) .  Other  oxidizing  agents  such  as  KMn04 
or  Cr03  can  also  be  used  in  the  presence  of  water.  Isatin  is  also 
obtained  from  oxindole  and  3 -liydroxyoxindole  by  oxidation,  from 
1,3 -dihydroxy oxindole  by  loss  of  water  and  from  o-nitrophenylpro¬ 
piolic  acid  with  alkali.  In  the  last  reaction  isatogenic  acid  (2-car- 
boxy-3-pseudoindolone  N-oxide)  is  formed  first,  by  a  rearrangement, 
and  this  compound  yields  isatin  by  loss  of  C02 : 


C6H 


4' 


C ;  C-COOH 
N02 


■» 


/CO\ 

c6h4<  >co 

\  N  / 

H 


If  a  reducing  agent  is  added  to  the  alkaline  solution  of  o-nitrophenyl¬ 
propiolic  acid,  indigo  is  formed  instead  of  isatin  (p.  78). 


ISATIN 


75 


CCh 


The  easily  synthesized  isatin  2-anil,  C6H4\  >C:NC6H5  (c/.  p. 

76)  gives  isatin  when  heated  with  dilute  mineral  acids  (Ger.  Pat. 
113979  1899). 

Oxanilide  chloride,  CTTNiCClCCkNCelR,  is  converted  to  isatin 
by  warming  with  concentrated  H2S04  (Ger.  Pat.  193633,  1907). 
The  formation  of  N-alkylisatins  from  alkyl-aryl-  or  diaryloxamic 
acid  chlorides,  C6H5  •  N (R)  •  CO  •  COC1,  with  A1C13  proceeds  smoothly 
(. Stolle ,  Ber.  46,  3915). 


Properties. — 1.  Isatin  is  one  of  the  classic  examples  of  a  tautomeric  substance 
(see  Vol.  I,  p.  48) .  According  to  the  reaction  conditions,  it  can  form  derivatives 
of  its  lactam  form  or  of  its  lactime  form  (see  above) .  The  absorption  curve  of 
isatin  in  alcoholic  solution  is  parallel  to  that  of  its  N -methyl  derivative ;  it  may 
therefore  be  assumed  that  isatin  in  the  solid  state  and  in  alcoholic  solution  (con¬ 
trary  to  the  conclusion  of  A.  v.  Baeyer )  exists  in  the  lactam  form. 

2-  Isatin  dissolves  in  aqueous  alkali  with  a  red-violet  color,  since  the  alkali 
salts  of  isatin  have  the  lactime  structure  (see  above)  ( Hantzsch ,  Ber.  54,  1257). 
After  several  minutes  in  the  cold,  and  more  rapidly  on  heating,  the  solutions  be¬ 
come  brighter,  due  to  the  formation  of  the  alkali  salts  of  o-aminophenylglyoxylic 
acid,  or  isatic  acid,  by  fission  of  the  pyrrole  ring. 

8.  Oxidation  of  isatin  with  chromic  acid  in  glacial  acetic  acid  gives  isatoic 

,NH— CO 

acid  anhydride,  C6H4y  | ,  and  with  nitric  acid,  nitrosalicylic  acid. 

XCO — O 

4.  Reduction  with  ammonium  sfilfide  gives  first  isatyde,  C16H12O4  (consti¬ 
tution:  Hantzsch,  Ber.  54,  1257;  Reissert,  Hessert,  Ber.  57,  964),  then  3-hydroxy - 
oxindole  and  oxindole. 

5.  With  ammonia  and  primary  amines  isatin  forms  compounds  of  the  general 

/C(:NR)v 

formula  CeH4<(  /CO,  which  are  called  imesatins;  these  revert  to  isatin 

NH— / 

and  amines  when  treated  with  alkali  (cf.  isatinanil) .  o-Phenylenediamine  and 
isatin  yield  indophenazine  ( Schunck ,  Marchlewski,  Ber.  29,  194;  Marchlewski, 
Ber.  29,  1030;  Korczynski,  Marchlewski,  Ber.  35,  4331;  Haslinger,  Ber.  41, 
1444) . 

6.  Isatin  condenses  with  benzene  hydrocarbons,  phenols  and  the  like,  splitting 
off  a  water  molecule.  With  thiophene  it  gives  a  blue  dyestuff,  indophenin  (consti¬ 
tution,  p.  25);  similar  products  are  formed  from  furan  and  pyrrole  (p.  30  and 
Liebermann,  Krauss,  Ber.  40,  2492). 

N-Benzoylisatin,  m.p.  206°;  N-acetylisatin,  m.p.  141°;  N-methylisatin,  m.p. 
134°;  N-ethylisatin,  m.p.  95°,  by  treatment  of  the  alkali  salts  of  isatin  with 
benzoyl  chloride,  acetic  anhydride,  methyl  iodide,  and  ethyl  iodide.  N-Phenyli- 
satin,  m.p.  136°  (Friedlander ,  Kunz,  Ber.  55,  1605),  is  converted  to  9 -acridinecar- 
boxylic  acid  by  heating  with  an  excess  of  sodium  hydroxide ;  this  rearrangement 
also  takes  place  with  other  N -arylisatins . 

7.  Derivatives  of  the  tautomeric  lactime  form  are  obtained  from  the  silver 
salt  of  isatin:  O-methylisatin,  m.p.  102°  ( Hantzsch ,  Ber.  54,  1243),  and  O- 
ethylisatin,  m.p.  88°  (?),  52°  ( Hantzsch ,  Ber.  55,  3190),  by  reaction  of  the  silver 
salt  with  methyl  iodide  and  ethyl  iodide.  The  silver  salt  of  isatin  and  benzoyl 
chloride  react  together  with  water  to  form  isatoid,  m.p.  178°,  a  condensation 
product  containing  two  molecules  of  isatin  ( Hantzsch ,  Ber.  58,  685) . 

8.  Isatin  also  forms  two  isomeric  isonitroso  derivatives:  isatoxime  and  iso- 

,C(:NOH)x 

satoxime.  Isatoxime,  CeH4<f  RCO,  m.p.  202°  (dec.),  is  prepared  from 


Isatoxime,  CeIR/ 


-NH- 


isatin  with  hydroxylamine,  or  from  oxindole  with  N203  (p.  72) ;  on  reduction  it 
gives  aminooxindole,  which  can  be  oxidized  to  isatin.  The  silver  salt  of  isatoxime 
and  ethyl  iodide  give  a  mono-  and  a  diethyl  ether,  from  which  isatin  can  be  formed 
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CO 


after  saponification.  Pseudoisatoxime,  CeHx 

XNH 


C=NOH,  m.p.  200°  (dec.) 


(synthesis:  Wieland,  Gmelin,  Ber.  41,  3512),  is  obtained  from  O-ethylindoxylic 
acid  with  N203  (p.  76) ;  with  ethyl  iodide  this  also  gives  a  monoethyl  and  a  di- 

/C0\  —CO—, 

ethyl  derivative,  C6H4<  >C :  NOC2H6  and  C6H4<  >C :  NOC2H5,  of 

NSTH'  xN(C2H5)/ 

which  only  the  first  can  be  converted  to  isatin.  Reduction  of  N-ethylisatin 
ethyl  oxime  gives  N ,N ' -diethylindigo  (p.  84  and  Baeyer,  Ber.  16,  2201).  N- 
Acetylisatin  and  hydroxylamine  form  a  dioxime  (Kozak,  Anz.Akad.Wiss. Krakau 
1909,628;  C.  1909,  II,  987) .  3-Isatin  semicarbazone  ( Marchlewski ,  Ber.  29, 1 1030) . 
2-Isatin  semicarbazone,  m.p.  228°  [Rape,  Apotheker,  Helv.  9  (1927),  1049] .  3- 

Isatin  phenylhydrazone,  m.p.  211  °,  from  isatin  and  phenylhydrazine ;  the  isomeric 
2-isatin  phenylhydrazone,  m.p. 236  °,is  obtained  from  O-methylisatin  with  phenyl¬ 
hydrazine,  or  from  indoxyl  and  benzenediazonium  chloride  ( Heller ,  Ber.  40,  1298) . 

/CONCeHsk 

9.  There  are  two  isomeric  isatin  anils:  3-isatin  anil,  CeH4<^  /CO, 

\ - NH - / 

golden  yellow  prisms,  m.p.  221  °,  and  2-isatin  anil,  which  exists  in  two  modifica¬ 
tions,  yellow-brown  flakes  and  violet  prisms,  m.p.  126°,  corresponding  to  the 

/CO. 

lactam  and  the  lactime  form  of  isatin:  CeH4<(  /C:NC6H5  and 

XNH/ 

/CO. 

C6H4<(  >C-NHCeH5.  When  heated,  the  former  rearranges  to  the  latter. 

\  N  ^ 

Benzoylation  of  2-isatin  anil  gives  two  benzoyl  derivatives,  m.p.  173°  and  131° 
(Callow,  Hope,  J.  1929,  1191).  2-Isatin  anil  is  prepared  by  reacting  isatin  chlo¬ 
ride  (see  preceding  reference)  or  O-methylisatin  with  aniline,  or  from  indoxyl 
or  indoxylic  acid  with  nitrosobenzene  (Pummerer,  Goettler,  Ber.  42,  4269).  The 
starting  material  for  its  technical  preparation  is  diphenylthiourea,  which  is  de¬ 
sulfurized  to  diphenylcarbodiimide;  alkali  cyanide  added  to  the  reaction  mixture 
converts  this  to  diphenylcarbodiimide '  ydrocyanide.  With  yellow  ammonium  sul¬ 
fide  the  latter  gives  a  thioamide,  which  condenses  in  warm  concentrated  sulfuric 
acid  to  2-isatin  anil  [Ger.  Pats.  113978-81  (1899),  115465  (1899),  116563]  : 


C6H5NH 

c6h5nh 


cs 


-h2s 
- » 

+  HCN 


C6H5NH. 

>C-CN 

C6H5N^ 


c6h5nh. 

>c-csnh2 

c6h5n^ 


Cell 


CO 

NH 


C:NC6H5 


The  diphenylcarbodiimide  hydrocyanide  can  also  be  converted  directly  to  2- 
isatin  anil  by  warming  with  A1C13  (Ger.  Pat.  277396,  1913). 

2-Isatin  anil  is  also  obtained  by  the  condensation  of  diphenylisonitrosoacetami- 

c6h5nh. 

dine,  ^>C-CH:NOH,  from  aniline,  hydroxylamine  and  chloral,  with 

_  c6h5n^ 

sulfuric  acid  (Sandmeyer,  Helv.  2,  334). 

With  H2S  in  acid  solution  2-isatin  anil  forms  2-thioisatin,  which  very  readily 
loses  sulfur  to  give  indigo,  but  with  alkaline  lead  solution  yields  isatin  (Ger.  Pat. 
131934,  1901) .  Ammonium  sulfide  reduces  2-isatin  anil  in  the  cold  to  indoxyl  and 
in  a  warm  reaction  mixture  to  indigo  (Pummerer ,  Gottler,  Ber.  43,  1379) .  When 
reduced  with  sodium  hydrosulfite  the  isatin  anils  add  two  atoms  of  hydrogen, 
forming  the  colorless  leuco-isatin  anils,  CgHeNONHCeHa,  which  are  oxidized  to 
the  isatin  anils  by  the  oxygen  in  the  air  (Pummerer,  Gottler,  Ber.  43,  1376). 
Isatin  dianil,  C6H4(C:NC6il5)2NH,  m.p.  210°. 

10.  Warming  isatin  with  PCI5  in  benzene  solution  produces  isatin-2-chloride, 

/CO. 

2-chloro-3-pseudoindolone,  CeH4<(  >CC1,  m.p.  180°  (dec.),  which  dissolves 

\N^ 
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in  ether  to  a  blue  solution;  it  is  converted  by  reduction  with  HI  in  glacial  acetic 
acid  or  with  zinc  dust  to  indigo : 


/C0\ 

2C6H,<^  p>CCl 


c=c 


CO 

NH 


C6H4  +  2HC1 


Substituted  indigos,  such  as  dibromo-,  dinitro-  and  dimethylindigo,  are  prepared 
by  this  reaction  from  isatins  substituted  in  the  benzene  nucleus. 

11.  With  compounds  containing  an  activated  methylene  group  isatin  con¬ 
denses  to  dyestuffs  which  resemble  indigo  in  structure  and  behavior,  and  which 
are  therefore  termed  indigoid  dyes.  Isatin  and  indoxyl  form  indirubin, 
.CO.  /C6H4x 

CeHN  >C:C\  >NH  (p.  70),  and  isatin  and  3-thianaphthenol  form  the 
NsTH'  x  CO  / 

valuable  thioindigo  scarlet  R: 


( Bezdzik ,  Friedlander ,  Mo.  29,  376).  While  in  isatin  itself  it  is  the  carbonyl  in 
the  3-position  which  reacts,  in  isatin  derivatives,  such  as  isatin  2-chloride,  isatin 
2-anil  and  O-methylisatin,  the  condensation  takes  place  at  the  2-carbon,  with 
loss  of  HC1,  C6H5NH2,  and  CH3OH  and  formation  of  the  isomeric  dyestuffs, 

/COv  xcox 

indigo  with  indoxyl,  and  Ciba  violet  A,  C6H4<(  yCiC^  )>CeH4,  with  3- 


S 


'NH/ 


thianaphthenol  ( Bezdzik ,  Friedlander ,  Mo.  29,  377;  Felix,  Friedlander ,  Mo.  31, 
55).  Isatin  2-chloride  or  isatin  2-anilide  also  reacts  with  those  phenols  which 
tend  to  form  keto  tautomers,  such  as  1-  and  2-naphthol,  anthrols,  and  resorcinol, 
producing  blue  to  blue-violet  indigoid  vat  dyes  ( Bezdzik ,  Friedlander,  Mo.  29, 
375;  30,  271,  871;  Friedlander,  Schuloff,  Mo.  29,  387) : 


C6H4 


.CO 

(  co— c=c< 

<  |  XNH 

I  CH=CH 


c6h4 


2-  ( 1  -  O  ;o- 1 , 2-dihy dro-2-n  aphthy  1- 
idene)-pseudoindoxyl 


/co\ 

CH - CO— C=C<  >C6H4 

\/ 


X'NH/ 


C(OH)  •  CH=CH 
2-  (4-Hydroxy-2-oxo-l  -cy  clohexa- 
dienylidene)-pseudoindoxyl 


These  dyestuffs  are  split  more  or  less  readily  by  alkali  into  anthranilic  acid  and 
the  corresponding  aldehyde : 


/CO 

( CO— c=c< 
c6hJ  |  Ninth 

( CH=CH 

Compare  the  analogous  fission  of  indigo,  p.  82. 

12.  When  isatin  is  treated  with  an  ethereal  solution  of  diazomethane,  the 
principal  product  is  2,3 -quinolinediol,  formed  by  an  enlargement  of  the  pyrrole 
ring  ( Heller ,  Ber.  59,  704;  Arndt,  Eistert,  Ender,  Ber.  62,  49). 

13.  For  condensation  products  of  isatin  and  phenylhydroxylamine,  see  Rupe, 
Stocklin,  Helv.  7,  557. 

5-Nitroisatin,  m.p.  254°  (?)  ( Calvery ,  N oiler,  Adams,  Am.  47,  3058;  Rupe, 
Kersten,  Helv.  9,  578).  6-Nitroisatin,  m.p.  244°  {Rupe,  Kersten,  Helv.  9,  578). 


C6H4 


c6h4 


( C(OH):C-CHO  HOCOv 
'  1  +  >c6H4 

H  H2N' 


(CH=C1 


a-Naphthisatin,  1-benz (g) indole-2 , Z-dione,  CioH6(C202)NH,  m.p. 
255°;  jS-naphthisatin,  3-benz(e)indole-l,2-dione,  m.p.  248°  ( Hins - 
berg ,  Ber.  21,  117;  Wichelhaus,  Ber.  36,  1736;  Ger.  Pat.  152019, 
1902). 
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Indigo  ( indig otin ),  A 2’2'-bipseudoindoxyl, 

/CO.  /CO. 

c6h4<  >c=c<  >c6h4 

^NH^  N’nttt/ 


''NIP 


is  the  principal  constituent  of  commercial  indigo  obtained  from  the 
different  types  of  Indigofera  (. Indigofera  tinctoria,  anil,  etc.;  China, 
India)  and  in  small  amount  from  woad  ( I satis  tinctoria;  Europe)  and 
dyer’s  collinsia  ( Polygonum  tinctorium).  For  the  detection  of  indigo 
in  plants,  see  Neger,  Flora  16  (1923),  323.  Indican,  the  substance 
in  these  plants 'which  forms  indigo,  is  a  glucoside  of  indoxyl:  C8H60- 
N(C6Hn05);  for  its  constitution,  see  Macbeth,  Pryde,  J.  121,  1660. 
When  the  various  portions  of  the  plant  are  covered  with  water  and 
allowed  to  stand  in  the  air,  this  glucoside  is  split  by  the  action  of  an 
enzyme  into  glucose  and  indoxyl,  and  the  latter  oxidizes  to  indigo  in 
the  air.  Boiling  dilute  acids  effect  the  same  change  as  the  enzyme. 
For  more  recent  communications  concerning  the  cultivation  an.d 
processing  of  indigo  plants,  see  “Chemische  Industrie”  (1914-1918) 
and  Farber-Zeitung  1920,  92.  Most  of  the  commercial  indigo  is  now 
obtained  synthetically  (see  p.  79). 

The  indigotin  content  of  commercial  indigo  varies  from  20  to  90%;  the  other 
constituents,  such  as  indigo  gluten ,  indigo  brown,  indoxyl  brown,  indigo  red,  and 
inorganic  substances,  have  not  been  thoroughly  investigated  ( Perkin ,  Bloxam,  J. 
91,  279) .  Natural  indigo  is  purified  by  reducing  it  to  indigo  white  (p.  83),  and 
precipitating  it  from  a  solution  of  the  latter  by  shaking  with  air  ( Fritzsche ,  J.pr. 
[1]  28,  193;  Sommaruga,  Ann.  195,  305).  Synthetic  indigo  is  much  purer  than 
natural  indigo.  The  indigotin  content  is  determined  by  titration  with  hydrosul¬ 
fite  or  potassium  permanganate.* 

History  (c/.  Ber.  33,  Sonderheft  p.  LI). — Indigo  was  known  and  prized  in 
ancient  times  by  the  Oriental  nations  ( Dioscorides ,  Plinius:  ivbixov,  indicum). 
In  Europe  up  to  the  18th  century  indigo  was  obtained  from  woad ;  this  indigo  was 
completely  displaced  by  the  East  Indian  indigo  from  Bengal,  Java,  and  that  from 
Central  America.  As  the  synthetic  methods  have  improved,  natural  indigo  has 
become  less  and  less  important  in  commerce. 

The  first  important  chemical  attack  upon  the  dyestuff  molecule,  by  the  oxi¬ 
dation  of  indigo  to  isatin  with  nitric  acid,  was  carried  out  simultaneously  by  Erd¬ 
mann  and  Laurent  in  1841.  In  1848  Fritzsche  observed  the  formation  of  aniline 
when  indigo  was  distilled  with  KOH.  In  1865  Baeyer  and  Knop  reduced  isatin 
stepwise  to  3-hydroxyoxindole,  oxindole  and  indole ;  the  latter  was  synthesized  by 
Baeyer  and  Emmerling  (Ber.  2,  679)  in  1869  from  o-nitrocinnamic  acid.  In  1870 
Engler  and  Emmerling  (Ber.  3,  887;  28,  309)  reported  the  first  synthesis  of  indigo 
by  heating  o-nitroacetophenone  with  Zn  dust  and  lime,  in  1874  Nencki  obtained 
indigo  from  indole  by  oxidation  with  ozone.  Baeyer  and  his  students  (1870- 
1878)  reported  the  constitution  of  oxindole,  its  synthesis  from  o-nitrophenyl- 
acetic  acid,  and  its  conversion  to  isatin,  as  well  as  a  number  of  methods  of  forming 
indigo  from  isatin.  Isatin  was  prepared  from  o-aminobenzoylformic  acid  by 
Claisen  and  Shadwell  in  1879.  During  1880  to  1882  a  series  of  new  syntheses  of 
indigo  were  discovered  by  Baeyer,  providing  more  certain  evidence  of  its  consti¬ 
tution  and  easier  methods  for  its  production.  The  first  patent  on  the  preparation 
of  indigo,  from  o-nitrophenylpropiolic  acid,  was  granted  on  March  19,  1880;  Ger. 
Pat.  11857;  Frdl.  I,  127.  Of  the  many  indigo  syntheses  developed  since  that 
time,  that  from  phenylglycine-o-carboxylic  acid  (introduced  technically  in  1897 
by  Badische  Anilin-  urid  Sodafabrik),  and  that  from  phenylglycine,  discovered 
in  1890  simultaneously  by  Heumann  (Ber.  23,  3043)  and  Lederer  (J.pr.  42,  383) 
and  put  into  industrial  use  in  1901  by  the  Hochster  Farbwerke,  have  proved 
practical. 

’  *  For  details,  see  the  book:  Indigo  rein ,  Badische  Anilin-  und  Sodafabrik,  Lud- 
wigshafen  (1907),  pp.  13-21;  also  Jones,  Spaans,  Ind.Eng.Chem.  8  (1917),  1001. 
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Synthesis  of  Indigo 

Most  methods  for  the  preparation  of  indigo  start  from  isatin  or 
indoxyl  or  their  derivatives ;  probably  the  formation  of  natural  indigo 
is  also  accomplished  by  the  oxidation  of  indoxyl  (cf.  p.  78). 

1.  Indoxyl  is  converted  to  indigo  by  oxidation  (p.  69): 

/C(OH)v  .CCk  .CO. 

2C6H4<  >CH  +  02  =  C6H4<  >C=C<  >C6H4  +  2H20 

*  \NH/  Nnh/ 

For  the  preparation  of  indoxyl  or  its  derivatives,  two  methods  are 
in  technical  use : 

(a)  The  first  of  these  methods  is  based  on  Heumann’s  discovery 
(1890)  of  the  formation  of  indoxyl  from  N -phenylglycme,  C6H5NH- 
CH2COOH,  by  alkali  fusion.  The  addition  of  sodium  amide  lowers 
the  temperature  of  fusion  and  thereby  makes  the  reaction  suitable  for 
large-scale  operation  (Ger.  Pat.  137955,  1901;  Frdl.  VI,  567). 


Tolyl-,  xylyl-,  naphthyl-  and  phenylmethylglycine,  used  in  place  of  phenyl- 
glycine,  form  derivatives  of  indigo;  with  fuming  sulfuric  acid  these  compounds 
give  the  corresponding  indigosuifonic  acids.  Indoxyl  is  also  produced  by  the 
fusion  of  N-(2 -hydroxy  ethyl) -aniline,  CeHsNH-CIbCIbOH,  (Ger.  Pat.  171172, 
1904),  of  N,N ' -diphenylethylenediamine ,  C6H5NHCH2-CH2NHC6H5  (Ger.  Pat. 
220172,  1908),  of  phenylhydantoin,  of  a-bromoacetanilide ,  C6H5NHCO  •  CH2Br, 
and  of  diphenylpiperazinedione  with  KOH  ( Biedermann ,  Lepetit,  Ber.  23,  3289; 
Kuhara,  Chikashig6,  Am.Chem.J.  24,  167;  27,  1;  Ger.  Pat.  149638,  1903). 
Similar  to  these  syntheses  is  the  formation  of  indigo  from  N,N '-ethylenedian- 

✓NHCH2CH2NHv 

thranilic  acid,  CeH4<;  bCeBU,  by  fusion  with  alkali  ( Frankel , 

xCOOH  HOOCX 
Spiro,  Ber.  28,  1685). 


(6)  Anthranilic  acid  is  the  starting  material  for  the  other  tech¬ 
nical  method  for  the  preparation  of  indoxyl  and  its  derivatives.  It  is 
obtained  from  naphthalene,  which  is  present  in  coal  tar  in  abun¬ 
dance.  The  latter  is  oxidized  to  phthalic  anhydride  with  mercury  and 
sulfuric  acid,  and  this  is  converted  to  phthalimide  with  NH3.  The 
imide  is  transformed  by  bromine  and  alkali  to  anthranilic  acid : 

/CH :  CH  /COx  /COx  ,COOH 

C6H4<  I  - >  C6H4<  >0  — >  c6h4<  >nh  — >  c6h4< 

XCH:CH  XXK  XCCK  XNH2 

Anthranilic  acid  is  converted  to  'N-carboxy?nethylanthranilic  acid 


/COOH 

c6h4< 

xNHCH2COOH 


by  one  of  these  methods:  (I)  heating  with  chloroacetic  acid;  ( 2 ) 
condensation  with  formaldehyde  and  HCN,  followed  by  saponifica¬ 
tion;  (3)  fusion  with  polyhydroxy  compounds,  such  as  glycerol, 
mannitol,  glucose,  or  cellulose,  and  caustic  alkali  (Ostromisslensky , 
Pamjiloiv,  Ber.  43,  2774).  This  glycine  derivative  is  condensed  by 
fusion  with  alkali  in  the  absence  of  air  or  by  heating  with  acetic, 
anhydride  to  indoxyl  derivatives  (p.  69),  which  are  converted  to 
indigo  by  the  reaction  shown  above. 
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Compare  the  formation  of  indoxylcarboxylic  acid  ester  from  N -carboxymethyl- 
anthranilic  acid  ester  and  from  anilinomalonic  acid  ester ,  and  its  conversion  to  in- 
doxy  lie  acid  and  indoxyl  (p.  69). 


2a.  Indigo  is  obtained  from  isatin  in  either  of  two  ways:  isatin 
2~chloride  is  condensed  with  zinc  dust  (c/.  p.  77),  or  isatin  2-anil  is 
treated  with  ammonium  sulfide  (Ger.  Pat.  119280,  1899): 


.COv  /COx  yCOv 

2C6H4<  >C :  NC6H5  +  4H  =  C0H4<  >C=C<  .  >C6H4  +  2C6H6NH2 

uSTH'  Ntvttt/  \mr/ 


'NH' 


SNH> 


2b.  Isatin  2-chloride  and  isatin  2-anil  condense  with  indoxyl 
when  warmed  in  benzene  or  glacial  acetic  acid  to  form  indigo  by 
splitting  off  HC1  or  aniline  (cf.  p.  77) : 


/CO.  /C(OH). 

C6H4<  >C :  NC6H5  +  CH<  >C6H4 

Xnh/  \nh 


/CO\  /COx 


C6H4<  >C:C<  >C6H4  +  C6H5NH2 

XNH/  \mh/ 


'NH 


This  method  permits  the  preparation  of  unsymmetrical  indigos. 
For  the  formation  of  isatin  and  isatin  2-anil,  see  pp.  74  and  76. 

The  next  three  syntheses  of  indigo  were  developed  by  v.  Baeyer 
and  his  students,  and  are  only  of  theoretical  interest : 

3.  o-Nitrobenzaldehyde  condenses  with  acetone  to  4-o-nitro- 
phenyl-4-hydroxy-2-butanone  ( Vol.  Ill,  p.  406) ;  with  alkali  this  ketone 
is  immediately  converted  to  acetic  acid,  water  and  indigo : 


2C6H4 


CH(OH)CH2COCH3 

no2 

c6h4 


CO.  /CO 

/C:C\ 

NH/  XNH 


C6H4  +  2CH3COOH  +  2H20 


If..  o-Nitrophenylpropiolic  acid  (Vol.  Ill,  p.  480),  after  rearrange¬ 
ment  to  isatogen-2-carboxylic  acid,  is  reduced  by  alkaline  reducing 
agents,  with  simultaneous  decarboxylation;  to  indigo : 


2C6H4 


(C : CCOOH 

(CO-CCOOH 

(CO. 

/CO) 

) 

— >  2C6H4<  X 

->  C6H4^  >C:C< 

/ 

\no2 

( N:0 

Inh/ 

VNH; 

c6h4 


5.  o-Nitrophenylpropiolic  acid  can  also  be  converted  to  indigo  in  this  way: 
it  is  decarboxylated  to  o-nitrophenylacetylene,  the  copper  derivative  of  which  is 
condensed  by  potassium  ferricyanide  to  di(o-nitro,phenyl)biacetylene;  the  latter 
gives  diisatogen  with  alkali,  and  this  is  reduced  to  indigo: 


fCiCCiC) 

Vc6h4 

(NO2  NOj 


rcocccoi 

>  C6H4]  y  \  [c«H,  - > 

( N:0  0:N) 


6.  When  o-nitroacetophenone,  C6H4(N02)C0CH3,  is  carefully  heated  with  zinc 
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✓COCH :  CHC6H6 

dust,  a  small  amount  of  indigo  sublimes.  2 -Nitrochalcone ,  CeHX 

XN02 

reacts  with  itself  in  sunlight  to  give  indigo  and  benzoic  acid  ( Engler ,  Dorant,  Ber. 
28,  2497). 

7.  When  warmed  with  caustic  alkali  and  reducing  agents,  o-nitrobenzoylacetic 

✓CO  •  ch2cooii 

acid,  C6H4<;  >  or  ester  condenses  to  indigo  (Ger.  Pat.  201108, 

XN02 

1907) . 

8.  N -Hydroxyindolecarboxylic  acid,  from  o-nitrobenzylmalonic  ester  or  o- 
nitrophenylpyruvic  acid  is  converted  to  indigo  by  treatment  with  concentrated 
sulfuric  acid  and  subsequent  oxidation  with  air : 

( CH = 

- >  2C6H4< 


2C6H4< 


ch2cocooh 
no2 


dN(OH) 


> 


CCOOH 


/CO) 

!:C<v  ( 

VMTT 


c6h4 


cox 

C6H4^  >C: 

(NEK  xnh  j 

9.  A  synthesis  of  purely  theoretical  interest,  which  indicates  clearly  the  struc¬ 
ture  of  indigo,  is  the  reaction  of  dibromomaleic  acid  ester  with  aniline.  The  first 
intermediate  product  is  dianilinomaleic  acid  ester,  which  condenses  to  indigo  when 
heated  with  sodium  amide  (Mohr,  Ber.  38,  2600) : 

C:0  O:  C 

h5c2oco  cooc2h5  X\ 


V\ 

nh2 


+ 


c=c 
I  I 

Br  Br 


+ 


h2n 


+  2C2H6OH 


Constitution  of  Indigo—  The  formula  of  indigo,  proposed  by  A.  v. 
Baeyer  (Ber.  16,  2188)  in  1883  shows  it  as  a  derivative: 


of  the  yellow  cis-dibenzoylethylene,  C6H5-CO  CO-C6H5. 

\  / 

CH=CH 

According  to  Friedlander  (Mo.  29,  359),  the  deep  color  of  indigo  is  ex¬ 
plained  by  the  presence  of  the  chromophoric  grouping:  CO  C=C-CO. 

However,  more  recent  investigations  provide  evidence  that  indigo 
is  derived  from  trans-dibenzoylethylene,  which  is  colorless.  The  reac¬ 
tion  products  of  indigo  and  malonic  ester  (formula  I;  Posner ,  Pyl, 
Ber.  56,  31)  and  of  indigo  and  phenylacetic  acid  ester  (formula  II; 
Lackrot-Ciba  B;  Posner,  Kemper,  Ber.  57,  1313): 
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can  be  explained  only  by  the  existence  of  a  trans  form  for  indigo. 
In  indigo  the  CO-  and  the  NH-groups  do  not  possess  normal  reac¬ 
tivity  ;  the  trans  form  of  indigo  might  account  for  this  by  the  presence 
of  residual  valences  between  neighboring  CO-  and  NH-groups 
(, Scholl-M adelung ,  formula  III;  Ber.  57,  237),  or  between  the  CO- 
groups  and  the  benzene  nuclei  {Posner,  Ber.  59,  1873,  formula  IV), 
which  mask  the  activity  of  the  groups: 


These  formulas  also  explain  the  failure  to  obtain  space-isomers  of 
indigo  dyes.  Formula  IV  shows  indigo  as  an  intramolecular  quin- 
hydrone,  which  would  account  for  its  intense  color  {Posner,  Ber.  59, 
1813). 

Properties. — Indigo  is  a  dark  blue  powder  which  acquires  a  copper- 
red,  metallic  sheen  on  grinding.  It  has  a  very  high  melting  point, 
and  on  subliming  forms  copper-red  metallic  prisms.  It  is  insoluble  in 
water,  alcohol,  ether,  alkalies  and  dilute  acids;  it  is  soluble  in  many 
high-boiling  solvents,  such  as  aniline,  phenol,  nitrobenzene,  tetralin, 
and  quinoline,  as  well  as  in  chloroform.  It  crystallizes  from  chloro¬ 
form  in  especially  fine  crystals,  and  from  hot  oil  of  turpentine  and 
from  molten  phthalic  anhydride  in  beautiful  blue  crystals.  It  is  con¬ 
verted  by  heat  to  a  dark  red  vapor,  with  carbonization  at  ordinary 
pressure,  but  with  no  decomposition  at  30-40  mm. 

For  the  absorption  spectra  of  indigo  and  its  derivatives,  see  Fried- 
lander,  Kunz ,  Ber.  55,  1598;  Hantzsch,  Bucerius,  Ber.  59,  814;  For- 
manek,  Z.angew.Chem.  1928,  1133.* 

Indigo  combines  with  both  acids  and  alkalis.  Addition  of  ether  to  a  solution 
of  indigo  in  glacial  acetic  acid-sulfuric  acid  precipitates  the  crystalline  sulfate, 
Ci6Hi0N2O2 * SO4H2  ( Binz ,  Kufferath ,  Ann.  325,  196).  In  the  presence  of  water 
the  indigo  salts  are  immediately  hydrolyzed;  this  property  is  used  technically  to 
obtain  very  finely  divided  indigo  (Ger.  Pat.  272233,  1911,  Frdl.  XI,  318;  Ger. 
Pat.  275290,  1912,  Frdl.  XI,  320).  When  indigo  is  treated  with  a  concentrated 
aqueous  solution  of  sodium  hydroxide  or  sodium  alcoholate,  an  addition  product, 
Ci6Hi0N2O2-NaOH  (constitution:  Friedlander ,  Ber.  41,  1035)  is  obtained  in  the 
form  of  a  dark  green  powder,  which  dissociates  in  water  and  is  decomposed  by 
energetic  treatment  with  alkali  into  indoxyl-2-carboxaldehyde  and  anthranilic 
acid  (discovery  of  anthranilic  acid,  1848)  (Friedlander ,  Schwenk,  Ber.  43,  1971) : 


/CONak 

c„h4<  >c— 

' — NH — '  NNH 


HO 

i/CO'>C«H, 

vr 


C6H4 


■C(OH)^  HOCO 


NH 


CHO  +  >C6H4 

H2N' 


When  indigo  is  treated  with  the  usual  reagents  for  ketones,  usually  only  one  of 

*  Cf.  F ormanek-Knop ,  Untersuchung  und  Nachweis  organischer  Farbstoffe  auf 
spektroskopischem  Wege,  Teil  III.  Springer,  Berlin,  1929. 
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the  two  carbonyl  groups  reacts.  With  alkaline  hydroxy] amine  solution  indigo 
forms  a  monoxime,  Ci6H10N2O(NOH) ,  brown-violet  needles,  m.p.  205°  (dec.) 
( Thiele ,  Pickard,  Ber.  31,  1252).  However,  zinc  chloride-ammonium  chloride 
at  a  high  temperature  yields  both  a  monoimine  and  indigod iimine,  dec.  above 
200°  ( Modelling ,  Ber.  46,  2259);  the  latter  reacts  readily  with  hydroxylamine, 
hydrazine,  and  phenylhydrazine  to  give  the  dioxime,  azine,  m.p.  over  300°,  and 
bisphenylhydrazone,  m.p.  220°.  Dianil :  Grandrnougin,  Dessoulavy,  Ber.  42, 
3636. 

Oxidation  with  nitric  acid,  chromic  acid  or  potassium  permanganate  solution 
attacks  the  C:C-bridge  of  indigo,  producing  isatin. 

Oxidation  with  Pb02,  Ag20,  or  KMn04  in  indifferent  solvents  in  the  absence  of 
water,  and  preferably  in  the  presence  of  some  glacial  acetic  acid,  converts  indigo  to 

CO  CO 

dehydroindigo,  CeH^  \c — C<^  \c6H4,  m.p.  210-215°  (dec.),  dark  yel- 

low  plates.  It  is  much  more  soluble  in  organic  solvents  than  indigo  is.  It  has  a 
strongly  oxidizing  action,  behaves  like  a  quinone,  and  is  readily  reduced  to  indigo. 
It  forms  bright  yellow  salts  with  two  mols  of  acid.  With  sodium  bisulfite  it  gives 
a  crystalline  addition  product,  Ci6H8N202-2NaHS03  +  2H20,  bright  canary 
yellow,  soluble  in  water;  this  can  be  halogenated,  and  subsequently  decomposed 
with  boiling  dilute  acids,  to  give  halogenated  indigotins  (Kalb,  Ber.  42,  3642, 
3653).  Aqueous  mineral  acids  split  dehydroindigo  into  3-hydroxyoxindole  and 
isatin  (Kalb,  Ber.  44,  1455). 

Neutral  permanganate  solution  yields  another  oxidation  product,  yellow  crys¬ 
tals,  m.p.  261°  (Ger.  Pat.  281050,  1913;  constitution:  Friedlander,  Rosch- 
destwensky,  Ber.  48,  1841). 

When  indigo  in  alcoholic  suspension  is  treated  with  nitrous  gases,  phenyl - 
giyoxylic  acid  ethyl  esleu  is  obtained  (Posner,  Aschermann,  Ber.  53,  1925) . 

Reduction  Products  of  Indigo. — Indigo  white,  Ci6H)2N202,  is  formed  by  the 
reduction  (vatting)  of  indigo  with  zinc  dust  and  alkali,  hydrosulfite,  ferrous  hy¬ 
droxide  and  alkali  or  H2S  in  the  presence  of  pyridine  [Binz,  Prange,  Z.  angew. 
Chem.  40  (1927),  1474]  and  by  biochemical  reduction  (steeping  vat).  In  the 
absence  of  air  it  can  be  precipitated  from  its  alkaline  solution  with  hydrochloric 
acid  in  the  form  of  white  crystals,  which  dissolve  in  alcohol,  ether  and  alkalis  to 
yellow  solutions.'  In  the  air  it  oxidizes  to  indigo,  a  property  which  is  the  basis  of 
vat  dyeing.  Since  it  is  derived  from  indigo  by  the  addition  of  two  H -atoms,  and 
has  the  properties  of  a  phenol,  indigo  white  is  assigned  the  formula  of  a  biindoxyl, 
/C(OHk  .C(OH) 

CeH4<f  ^>C — C<(  >C6H4.  For  acyl  and  alkyl  derivatives  of  indigo 

X-NH-X  \-NH— / 
white,  see  Madelung,  Wilhelmi,  Ber.  57,  241. 

Desoxvindigo,  green-yellow,  m.p.  317°,  is  produced  by  the  action  of  hydrazine 

xcox  xch2x 

hydrate  on  indigo  in  alcoholic  suspension:  >C=C<(  yCeH* 

XNHX  XNH/ 

(Borsche,  Meyer,  Ber.  54,  2854). 

Indigo  and  indigo  white  are  converted  by  tin  and  hydrochloric  acid  to  the  hydro¬ 
chloride  of  o ,o' -diaminostyrylacetophenone  (Madelung,  Ber.  57,  222) : 


xCOx  .CHX 

c6h4<  xch2— chx  >c6h4-hci 

xnh2  H2Nx 

/CH\  /CHv 

2,2'-Biindolyl,  C6H4<f  ^>C — C<(  >C6H4,  yellowish  crystals,  m.p.  300°, 

XNHX  XNH/ 

is  a  reduced  form  of  indigo,  but  as  yet  it  has  not  been  obtained  from  indigo.  It  is 
synthesized  from  oxalyl-o-toluidine,  and  can  be  oxidized  to  indigo  (Madelung, 
Ann.  405,  58,  61). 

Derivatives  and  Substitution  Products  of  Indigo 

Indigo,  or  indigotin,  is  numbered  in  this  way: 


84  FIVE-MEMBERED  RINGS  WITH  ONE  HETERO  ATOM 


(a)  Substituents  in  the  NH -group. — Complex  compounds  of  indigo  with  vari¬ 
ous  metals  (Cu,  Zn,  Ni)  are  formed  by  the  displacement  of  the  hydrogen  atoms 
in  the  NH-groups  of  two  molecules  of  indigo,  when  it  is  boiled  with  metals,  metal 
oxides,  metal  acetates,  or  iron  carbonyl  in  anhydrous  high-boiling  solvents 
(Kuhn,  Machemer,  Ber.  61,  118). 

N,N'-DIALKYLINDIGOTINS,  which  are  blue  to  blue-green  dyes,  are  usually 
obtained  from  the  corresponding  phenylglycines :  1,1 '-dimethylindigotin,  green- 
blue  ( Ettinger ,  Friedlander,  Ber.  45,  2074);  1,1 '-diethylindigotin  ( Baeyer ,  Ber. 
16,  2202);  1,1 '-diphenylindigotin  ( Friedlander ,  Kunz,  Ber.  55,  1597). 

1,1 '-DIACYLINDIGOTINS:  1,1 '-Dibenzoylindigotin,  m.p.  258°,  dark 

violet,  prepared  by  boiling  indigo  with  benzoyl  chloride  in  pyridine  ( Posner ,  Ber. 
59,  1804) .  The  technically  important  product  formed  by  boiling  benzoyl  chloride 
and  indigo  in  nitrobenzene  in  the  presence  of  Cu-  powder,  which  is  called  indigo 
yellow,  is  a  derivative  of  anthraquinone  (constitution:  Posner,  Hofmeister ,  Ber. 
59,  1827).  The  simpler  condensation  of  indigo  and  phenylacctyl  chloride  forms 
Lackrot  Ciba  B  (formula  on  p.  81). 

(b)  Substituents  in  the  benzene  nuclei. — Sulfonic  acids:  Up  to  four  sulfonic 
acid  groups  (first  in  the  5,5'-  then  in  the  7,7 '-positions)  can  be  introduced  into 
the  indigo  molecule  by  the  action  of  sulfuric  acid.  Since  the  sulfonic  acids  of 
indigo  are  soluble  in  water,  indigotin-5,5'-disulfonic  acid  (Vorlander,  Schubart, 
Ber.  34,  1860)  and  the  5,5',7,7'-tetrasulfonic  acid  are  useful  for  the  direct  fixa¬ 
tion  of  dyestuffs.  Alkali  salts  of  indigotindisulfonic  acid  are  sold  in  paste  form 
under  the  name  indigo  carmine. 

( c )  Halogenated  indigotins. — The  halogenated  indigotins  are  of  considerable 
technical  importance,  especially  those  substituted  in  the  5-  and  7-positions,  which 
dye  bright  greenish  shades  of  excellent  fastness.  Halogen  in  the  6-position  gives 
violet-red  dyes.  5,5',7,7'-Tetrachloroindigotin,  briUiant  indigo;  5,5 ',7,7'- 
tetrabromoindigotin,  Ciba  blue.  They  are  obtained  by  direct  halogenation  of 
indigo  in  the  absence  of  water,  preferably  in  warm  nitrobenzene  solution  (Ger. 
Pat.  193438,  1907)  or  in  cold  concentrated  sulfuric  acid  or  chlorosulfonic  acid, 
or  by  the  action  of  halogen  on  the  sodium  bisulfite  compound  of  dehydroindigo 
(p.  83)  (Grandmougin,  Ber.  42,  4408;  43,937).  5,5',7,7'-Tetraiodoindigotin 
(Kalb,  Berrer,  Ber.  57,  2105);  4,4'-dichloroindigotin,  from  2-nitro-6-chloro- 
benzaldehyde  (Gindraux,  Helv.  12,  931).  6,6-Dibromoindigotin,  dark  violet 
crystals  with  a  coppery  luster,  has  been  found  to  be  identical  with  the  purple  of 
antiquity,  gathered  from  the  secretion  of  the  purple  snail  (Murex  braridaris) .  It 
dyes  the  fiber  dark  reddish  violet  shades  (Friedlander ,  Ber.  42,  765) .  For  a  new 
synthesis  of  this  dyestuff  from  6 -bromoindole-3 -carboxylic  acid  with  ozone,  see 
Majima,  Kotake,  Ber.  63,  2237. 

7,7 '-Dimethylindigotin  (Grandmougin,  Dessoulavy,  Ber.  42,  3641). 

Indigotindicarboxylic  acid  is  formed  from  o-nitrophthalaldehydic  acid, 
/CHO 

C6H3(COOH)U  ,  as  indigo  is  formed  from  o-nitrobenzaldehyde. 

XN02 

These  compounds  are  isomeric  with  indigo : 

1.  Indirubin,  indigo  purpurin,  indigo  red,  A2-3'-biindoline-3,2'-dione, 

xcox  xc6h4x 

CsH4<  /C:C<(  >NH,  reddish  needles,  subliming  undecomposed  over 

XNH/  \  CO  / 

340°,  is  the  indogenide  of  oxindole;  it  occurs  with  indigo  in  plants  and  is  synthe¬ 
sized  by  condensation  of  isatin  with  indoxyl  (p.  84),  or  of  isatin  2-chloride  or 
2-anil  with  oxindole.  For  the  absorption  spectra  of  indirubin  and  its  derivatives, 
see  Formanek,  Z.angew.Chem.  41  (1928),  1133. 

xCeH4X  xCeH4X 

2.  Isoindigotin,  A3’3'-bioxindole,  NII<(  >C:C<^  /NH,  garnet-red 

\  CO  /  x  CO  / 

needles,  is  obtained  by  condensation  of  oxindole  with  isatin  (p.  73)  (Wahl, 
Bayard,  C.r.  148,  716). 
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n«]CHv 

/3 -Naphthindole,  3 -benz(e) indole,  Ci0H6<  )>CH,  is  obtained  from  its  sul- 

UflNH/ 

fonic  acid  (see  below)  ( Hinsberg ,  Simcoff,  Ber.  31,  251). 

Bis-2,2  '-naphthindole-  (2, 1 ,2 ',  1 ')  -indigo ,  A2>2  '-bi- ( 1  -benz(g)  indol-3  (2)  -one) 
and  bis-2,2  '-naphthindole  (1,2,1  ',2 ')  -indigo,  A2’2'-bi-{3-benz{e)indol-3  (2)  -one) , 
are  obtained  from  the  naphthylglycines  by  fusion  with  alkali  and  subsequent 
oxidation  ( Wichelhaus ,  Ber.  26,  2547),  and  from  the  benzindoxylic  acid  esters, 
prepared  from  naphthylaminomalonic  acid  esters  ( Wichelhaus ,  Ber.  32,  1236). 
Bis-2,2 ' -naphthindole -(2 ,3 ,2 ' ,3 ')  -indigo,  A2>2 f-bi-{benz{f)  indol-3 (2) -one)  { Fierz , 
Tabler,  Helv.  5,  557) ;  perinaphthindigo  {Fierz,  Sallmann,  Helv.  5,  560) ;  naphth- 
isoindigotin  {Wahl,  Lobeck,  C.r.  188,  1683). 


8.  ISOINDOLE, 


2-benzo[c]  pyrrole, 


N-Acetyldihydroisoindole,  m.p.  76°,  hydrochloride,  m.p.  256°,  has  been  ob¬ 
tained  by  electrolytic  reduction  of  phthalimide  {Spath,  Breusch,  Mo.  50,  349). 

[5]  [4] 

[6]  x,CHv  /Cflx  [3] 

HCU  XC — —  <y  ^CH 

9.  DIBENZOFURAN,  biphenylene  oxide,  |  II  II  |  , 

H(E  /CL  /Cv  .CH 

Id  ^CH/  ~0/  XCH^  [2] 

[8]  [i] 


m.p.  81  °,  b.p.  288°,  occurs  in  small  quantities  in  stubb-fat  and  in  the  fluorene  frac¬ 
tion  of  coal  tar,  in  which  it  can  be  detected  by  conversion  to  o,o  '-biphenol  in  fused 
alkali  {Kraemer,  Weissgerber,  Ber.  34,  1662).  Dibenzofuran  is  synthesized:  {1) 
by  distillation  of  phenyl  phosphate  (Vol.  Ill,  p.  195)  with  lime;  {3)  from  phenol 
with  lead  oxide;  {3)  from  phenyl  ether  by  passage  through  an  incandescent  tube ; 
(4)  from  o,o '-biphenol,  HO[2]C6H4-C6H4[2]OH,  by  melting  with  zinc  chloride 
{ibid.,  p.  1663) ;  {5)  from  the  diazo  compound  of  o-phenoxyaniline  with  sulfuric 
acid,  as  9-fluorenone  is  formed  from  o-aminobenzophenone;  {6)  most  advanta¬ 
geously,  from  the  tetrazo  compound  of  2,2'-diaminobiphenyl  with  dilute  acids 
{Tauber,  Halberstadt,  Ber.  25,  2746) : 


.C6LI4- - 

\NH2 


h2n/ 


;C6H 


4 


N203 


When  fused  with  caustic  alkali,  dibenzofuran  forms  0,0 '-biphenol  (see  above) , 
when  heated  with  A1C13,  phenol  {Kraemer,  Weissgerber,  Ber.  34,  1664).  With 
bromine,  dibromodibenzofuran,  m.p.  185°,  is  produced,  and  with  fuming  nitric 
acid,  dinitrodibenzofuran,  m.p.  200°.  Diaminodibenzofuran,  m.p.  188°,  gives 
substantive  azo  dyes.  Dibenzofuran -3 -carboxylic  acid,  m.p.  246  0  {Mayer,  Krieger, 
Ber.  55,  1659).  Acetyl  dibenzofuran,  m.p.  81°  (see  Galewsky,  Ann.  264,  190). 
Dibenzofuransulfonic  acid  is  very  stable  {Kraemer,  Weissgerber,  Ber.  34,  1666). 
Benzo[6]naphtho[2,3-d]furan,  brazan,  phenylene-{i,$-naphthylene  oxide, 
C6H4^ - /CioH6,  m.p.  202°,  is  a  conversion  product  of  brazilin.  Its  derivatives 

\q/ 

are  obtained  by  condensation  of  2, 3-dichloro-l, 4-naphthoquinone  with  resorcinol 
and  orcinol  (v.  Kostanecki,  Lampe,  Ber.  41,  2373). 

Dibenzofuran  is  reduced  by  sodium  and  alcohol  to  tetrahydrodibenzofuran, 
C6H4^ - EVHg,  b.p.  269°.  Hexahydrodibenzofuran  is  best  obtained  by  cata- 

\Ox 

lytic  hydrogenation  (Ni,  H2  under  pressure  at  230°)  of  0,0 '-biphenol  {v.  Braun, 
Ber.  55,  3761).  Under  the  same  conditions,  dinaphtho[2,l,l ',2']furan,  @-di- 
naphthalene  oxide,  Ci0H6[/3]  —  [/3]Ci0H6  forms  a  tetrahydro  derivative,  but 

1 - O - 1  , 

dinaphtho[l,2,2',l ']furan,  a -dinaphthalene  oxide,  Ci0H6[a] — [a]Ci0Hfi,  gives  an 

1 - O - 1 

octahydro  derivative. 
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10.  DIBENZOTHIOPHENE,  diphenylene  sulfide, 


[9] 

hc/CH\c_ 


[8] 

[7]  HC% 


C 


ti] 

dJH 


CH  [2] 


/Cx  /Cv  .CH  [3] 
CHX  xSx  xCHx 

[6]  [5]  [4] 


m.p.  97°,  b.p.  333°,  is  formed  on  distillation  of  phenyl  disulfide,  (C6H5)2S2,  and 
phenyl  sulfide,  (CeHshS,  through  glowing  tubes;  a  better  method  of  preparation 
is  the  treatment  of  diphenyl  sulfoxide,  (CeH5-SO  -CeHs) ,  with  sodium  amide  in 
boiling  toluene  ( Schonberg ,  Ber.  56,  2275).  It  occurs  in  small  amounts  in  coal 
tar  ( Kraemer ,  Weissgerber ,  Ber.  34,  1665).  In  contrast  to  thiophene,  it  is  oxi¬ 
dized  by  chromic  acid  to  diphenylene  sulfone,  (CeH4)2S02,  m.p.  230°.  Diace- 
naplitho  [  1 ,2-6,  1  ',2 '- d ]  thiophene, 

ni]c — cun 

Ci0H6<!  IJ  jl  VCioH6,  is  formed  by  the  condensation  of  acenaphthene  and 

U8]C-S-C[8] ) 

sulfur  (Rehldnder,  Ber.  36,  1583). 


11.  CARBAZOLE,  9-dibenzo  [b,d]  pyrrole,  diphenylenimide, 


[5] 

[6]  HC^HCxG- 


[4] 

/CH, 

-C/  X)H  [3] 


m  HCWCXnh/CWCH  [2] 

[8]  [9]  [1] 


m.p.  238°,  b.p.  351°,  is  present  in  crude  anthracene,  from  which  it 
can  be  separated  as  the  potassium  salt  by  fusion  with  KQH.  It  is 
prepared  (1)  from  diphenylamine  by  passage  through  an  incandescent 
tube,  or  in  the  presence  of  a  platinum  catalyst  at  300°  ( Zelinsky , 
Titz ,  Gaverdowskaja,  Ber.  59,  2590) ;  {2)  from  phenothiazine  by  heat¬ 
ing  with  copper  powder;  ( 3 )  from  2-aminobiphenyl  by  distillation 
over  lime  {Blank,  Ber.  24,  306);  (4)  from  2,2'-diaminobiphenyl  by 
heating  with  acids  {Bamberger,  Kitschelt,  Ber.  25,  133);  ,(5)  from  2- 
aminodiphenylamine,  through  the  diazo  compound;  the  1-phenyl- 
1,2,3-benzotriazole  first  formed  splits  into  carbazole  and  nitrogen  when 
heated  to  a  high  temperature  {Graebe,  Ullmann,  Ann.  291,  16;  Ull- 
mann,  Ber.  31,  1697): 


[1]  C6H5x  /Cells 

XNH/ 

/-S"\ 

[2]  C6H/  >C6H4 

XNHX 


->  C6H4r - 7C6H4 


\nh/ 

Carbazole 


C6H4- - C6H5  [3] 

xNH2 

CeHx - /C6II4  [4] 

xNH2  NH2/ 

/N=:v 

C6H4<  >N  [5] 

xN(C6H5K 


(6)  Carbazole  derivatives  are  formed,  similarly  to  the  indoles  (c/.  method  d, 
p.  63),  from  arylhydrazones  of  cyclohexanones  ( Borsche ,  Ann.  359,  49);  also, 
phenols  which  tend  to  tautomerize  to  the  keto  form,  such  as  2-naphthol  and  9- 
hydroxyphenanthrene,  yield  carbazoles  when  Heated  with  aiylhvdrazines  and 
HC1: 

CH2  •  CH2  •  CH2  _Nh3  ch2.ch2-c— c6h4 

I  I  - -*  I  ||  I 

CH2  •  CH2  •  C :  NNHCeHs  CH2  •  CH2  •  C— NH 

Plienylhydrazone  of  cyclohexanone  Tetrahydrocarbazole 


CARRAZOLE 
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By  similar  reactions  tetrahydrocarbazolecarboxylic  acid  is  obtained  from  the 
phenylhydrazone  of  cyclohexanonecarboxylic  acid,  benzocarbazole  and  dibenzo- 
carbazole  are  obtained  from  2-naphthol  with  phenylhydrazine  and  with  1-  and 
2-naphthylhydrazine,  and  naphthobenzocarbazole  is  obtained  from  9-hydroxy- 
phenanthrene  and  naphthylhydrazine. 

Properties. — Carbazole  gives  the  pine-shaving  reaction  (p.  29)  and  the  blue 
color  reaction  with  isatin  or  aliphatic  aldehydes  and  concentrated  Ii2S04  [Dische, 
Biochem.Z.  189  (1927),  77],  like  pyrrole  and  most  indole  compounds.  It  also 
produces  a  characteristic  color  when  treated  with  concentrated  sulfuric  acid  alone 
or  with  the  addition  of  nitric  acid  ( Blom ,  Helv.  4,  625). 

Carbazole  condenses  readily  with  nitrosophenols,  forming  dyestuffs  similar  to 
indophenol,  which  are  converted  by  subsequent  treatment  with  alkali  polysul- 
fides  to  valuable  blue  sulfur  dyes  (hydron  blue  dyes)  (Ger.  Pat.  218371,  1908, 
Frdl.X,  301). 

Like  pyrrole,  carbazole  is  a  very  weak  base,  and  forms  a  stable  salt  only  with 
picric  acid:  picrate,  m.p.  182°.  Nitrous  acid  converts  it  to  9(N)-nitrosocarba- 
zole,  (C6H4)2N  *NO,  m.p.  84°,  which  is  rearranged  by  mineral  acids  to  3-nitroso- 
carbazole,  [Ci2H7(NO) ]NH ;  the  latter  can  be  reduced  to  3-aminocarbazole. 
When  heated  with  potassium  hydroxide,  carbazole  forms  a  potassium  compound, 
(C6H4)2NK,  which  gives  with  alkyl  iodides  9-methylcarbazole,  (C6H4)2N -CH3, 
m.p.  87°,  and  9 -ethyl carbazole,  m.p.  68°.  When  9-methylcarbazole  is  passed 
through  an  incandescent  tube,  it  is  converted  to  phenanthridine  ( Pictet ,  Ber.  38, 
1950) : 


C6H4x  c6h4ch 

I  >NCH3-|  II 

CfilV  c6h4-n 


+  2H 


Compare  the  analogous  conversion  of  pyrrole  to  pyridine  (p.  30)  and  of  indole 
to  quinoline  (p.  62).  9-Acetylcarbazole,  m.p.  76°;  9-benzoylcarbazole,  m.p. 
98°;  for  homologues,  see  Bischoff,  Ber.  31,  2847.  With  CH3MgI  carbazole 
reacts  like  pyrrole  and  indole  (p.  65),  producing  methane  and  carbazolemagne- 
sium  iodide,  (C6H4)2N-MgI.  HN03  or,  better,  ethyl  nitrate  and  cone.  H2S04 
(Raudnitz,  Bar  .60,738)  yield  nitrocarbazoles.  1-Nitrocarbazole,  m.p.  187  °(Linde- 
mann,  Ber.  57,  555).  3-Nitrocarbazole,  m.p.  214°  ( loc .  cit.),  is  obtained  from 
carbazole  with  N203,  the  N-nitroso  compound  being  an  intermediate  in  the  reac¬ 
tion;  it  gives  3-aminocarbazole  on  reduction.  Because  of  their  sensitivity  to 
light,  the  diazo  compounds  of  the  latter  are  used  in  the  production  of  photographic 
copies  (Raff,  Stein,  Ber.  34,  1668).  1,3,6,8-Tetranitrocarbazole,  m.p.  289°, 
from  carbazole  with  ethyl  nitrate  and  concentrated  sulfuric  acid  ( Raudnitz ,  Ber. 
60,  738).  3,6-Diaminocarbazole,  m.p.  over  290°,  from  the  corresponding  di- 
nitrocarbazole.  Fusion  of  carbazole  with  oxalic  acid  produces  tricarbazole- 
methanol,  or  carbazole  blue  (for  discussion  of  its  constitution,  see  Copisarov,  J. 
117,  1542). 

2-Methylcarbazole,  m.p.  259°,  and  3-methylcarbazole,  m.p.  203°,  as  well  as 
many  other  alkylcarb azoles,  are  prepared  from  the  corresponding  tetrahydro- 
carbazoles,  synthesized  according  to  method  6  (p.  86),  by  distillation  over  gently 
heated  lead  oxide  ( Borsche ,  Ann.  359,  74) .  Dimethylcarbazole,  ditolyleneimine, 
(CH3-C6H3)2NH,  m.p.  364°,  is  formed  pyrogenically  from  o-toluidine  (Seyberth, 
Ber.  29,  2594). 

HALOGEN  DERIVATIVES:  3-Chlorocarbazole,  m.p.  192°;  3,6-dichloro- 
carbazole,  m.p.  202°. 

CARBOXYLIC  ACIDS:  9-Carbazolecarboxylic  acid;  9-carbazoleacetic  acid, 
m.p.  215°  (ethyl  ester,  m.p.  97°)  (Ger.  Pat.  255304,  1911). 

Oxidation  of  carbazole  with  Ag20  in  benzene  produces  dibiphenylenehydrazine, 
m.p.  296°  ( Branch ,  Smith,  Am.  42,  2405). 

HYDRO CARB AZOLES:  1,4-Dihydrocarbazole,  m.p.  229°,  by  reduction  of 
carbazole  with  sodium  and  amyl  alcohol  (Schmidt,  Schall,  Ber.  40,  3225) .  Tetra- 

/C6H4 

hydrocarbazole,  NRY  |  ,  m.p.  119°,  is  obtained  by  reduction  of  carbazole  or 

XC6H8 

from  the  phenylhydrazone  of  cyclohexanone  (see  method  6,  p.  86);  it  behaves 
like  an  alkylated  indole.  When  treated  with  chloroform  and  sodium  alcoholate, 
it  is  transformed  to  an  acridine  derivative,  just  as  indoles  are  converted  to  quino- 
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line  derivatives.  Like  alkylindoles,  on  fusion  with  alkali  it  gives  an  indolecar- 
boxylic  acid  (see  p.  67  and  Zanetti,  Ber.  26,  2006).  The  phenylhydrazone  of 
2 -methyl -1 -cyclohexanone  is  condensed  by  alcoholic  zinc  chloride  to  a  carbazol- 
✓C6H4 


enine,  N 


analogous  to  the  indolenines  (p.  63).  Tetrahydrocar- 


'C6H8(CH3) 

bazolecarboxylic  acid,  m.p.  230°,  is  formed  from  the  phenylhydrazone  of  cyclo- 
hexanonecarboxylic  acid  ( Baeyer ,  Tutein,  Ber.  22,  2185).  Hexahydrocarbazole, 
carbazoline,  CeH*- - jCeHio,  cis-form  (?),  m.p.  99°,  b.p.  267°,  £ra?is-form, 

\nh/ 


m.p.  127°  ( Gurney ,  Perkin ,  Plant,  J.  1927,  2676) ,  is  obtained  by  heating  carbazole 
or  its  less  hydrogenated  derivatives  with  phosphorus  and  hydriodic  acid.  Al¬ 
though  carbazole  itself  is  catalytically  hydrogenated  with  difficulty,  the  N-alkyl- 
carbazoles  take  up  hydrogen  immediately.  Tetrahydro-,  hexahydro-,  octahydro- 
and  decahydro-9-alkylcarbazoles  are  so  prepared  ( v .  Braun,  Ritter,  Ber.  55,  3792). 
Like  the  hydrogenated  pyrroles  and  indoles  (p.  71)  the  hydrogenated  carbazoles 
are  strong  bases  ( Graebe ,  Glaser,  Ann.  163,  352). 

In  preparation  and  properties  the  higher  ring  systems,  containing  naphthalene, 
anthracene,  and  phenanthrene  rings,  such  as  1,2-benzocarbazole,  2,3-benzocarba- 
zole,  3,4-benzocarbazole,  and  1,2,3,4-dibenzocarbazole,  are  much  like  carbazole. 


*  %  sfc  3j«  :jc 


Derivatives  of  dibenzarsenole,  the  arsenic  analogue  of  carbazole: 

_ v\ 


V\As/V 

H 

are  known  ( Aeschlimann ,  Lees,  McClelland,  Nicklin,  J.  127,  66) 


FIVE-MEMBERED  RINGS  WITH  SEVERAL  HETERO 

ATOMS 

Five-membered  rings  containing  two  oxygen  or  sulfur  atoms,  not  adjacent, 
occur  in  these  compounds:  the  acetals  and  mercaptals  of  ethylene  glycol,  such 
as  ethylene  ethylidene  ether  ( 2 -methyl-1, 3 -dioxolane )  (I)  and  ethylene  ethylidene 
disulfide  (2 -methyl-1 ,3 -dithiolane)  (II),  the  ethylene  ester  of  hydroxyforjmic  acid , 
l,3-dioxolan-2-one  (III),  and  its  sulfur  analogue,  l,3-dithiolane-2-thione  (IV), 
and  the  ethylidene  esters  of  a-hydroxy  acids,  such  as  the  ethylidene  ester  of  lactic 
acid  (2, 5 -dimethyl-1, 3 -dioxolan-4:-one)  (V)  and  its  chlorination  product,  chlo- 
ralide  (VI) . 


ch2- 

-Os 

ch2— 0N 

(I) 

1 

w 

— o 

-0. 

>chch3 

(III) 

CHo — O' 

>co 

(V) 

(II) 

ch2- 

1 

“SN 

>ch*ch3 

(IV) 

CH2— sv 
1  ^ 

>cs 

(VI) 

ch2- 

-S/ 

CH2— S/ 

ch3-ch— o 

do— o 


ch-ch3 


CCla-CH— O 

A 


\cH-CCb 

0—0/ 


These  heterocyclic  compounds  are  closely  related  to  aliphatic  compounds,  and 
most  of  them  have  been  described  in  Volume  I. 


AZOLES 

The  compounds  with  five-membered  rings  containing  several  hetero 
atoms,  at  least  one  of  which  is  nitrogen,  the  rest  being  oxygen,  nitro¬ 
gen,  or  sulfur,  are  called  azoles  ( Hantzsch ,  Ann.  249,  1;  Freund ,  Kuh, 
Ber.  23,  2823).  The  most  important  of  the  azoles  are  those  whose 
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hetero  atoms  are  all  nitrogen  atoms,  or  all  nitrogen  atoms  but  one; 
these  may  be  considered  as  being  derived  from  furan,  thiophene,  and 
pyrrole  by  the  replacement  of  methine  groups  by  nitrogen  atoms, 
which  influences  the  stability  of  the  rings  very  little  (see  p.  4). 


(The  less  common  names  are  enclosed  in  brackets) 


CH=CHV 

1  '  >o 

CH=CH/ 

CH=CHV 

CH=CHV 

1  >NH 

CH=CH/ 

Furan 

Thiophene 

Pyrrole 

CH - Nv 

1  >o 

CH=CH/ 

CH - Nv 

1  .  > 
CH=CH/ 

CH - Nv 

1  >NH 

Ch=ch/ 

[1,2-Azoxole] 
Isoxazole  (p.  118) 

[1,2-Azthiole] 
Isothiazole  (p.  123) 

[1,2-Diazole] 
Pyrazole  (p.  91) 

N - CHV 

1  >o 

CH=CH/ 

N - CHv 

1  >s 

CH=CH/ 

N - CHV 

1  >NH 

CH=CH/ 

[1,3-Azoxole] 
Oxazole  (p.  136) 

[1,3-Azthiole] 
Thiazole  (p.  140) 

[1,3-Diazole] 
Imidazole  (p.  124) 

CH==N\ 

1  >o 

CH=N/ 

CH=Nv 

1  >s 

CH=N/ 

CH=Nv 

1  >NH 

CH=N/ 

[1,2, 5-Oxadiazole  ] 
Furazan  (p.  160) 

1,2,5-Thiadiazole 
[Piazthiole]  (p.  169) 

2,1,3-Triazole 
[Osotriazole]  (p.  147) 

N - Nv 

1  '>o 

CH=CH/ 

N - Nv 

1  >s 

CH=CH// 

N - Nv 

1  >NH 

CH=CH/ 

1,2,3-Oxadiazole 
[Diazoxide]  (p.  165) 

1 ,2,3-Thiadiazole 

(p.  168) 

1,2,3-Triazole 
(p.  147) 

N=CH\ 

1  >o 

N=CH/ 

N=CH\ 

I  > 

N=CH/ 

•  N=CHX 

1  >NH 

n=ch/ 

1,3,4-Oxadiazole 
[Oxbiazole]  (p.  163) 

1,3,4-Thiadiazole 
(p.  166) 

4,1,2-Triazole 
(p.  153) 

N=CHV 

!  >o 

CH=N/ 

n=chv 

1  >s 

CII=N/ 

N=CHV 

1  >NH 

CH=N/ 

1,2,4-Oxadiazole 
[Azoxime]  (p.  162) 

1 ,2,4-Thiadiazole 
[Azosulfime]  (p.  165) 

1,2,4-Triazole 
(p.  153) 

N - Nv 

1  v  >o 

CH— N' 

N - Nv 

1  >s 

CH=N/ 

N - Nv 

I  >NH 

ch=n/ 

1,2,3,5-Oxatriazole 

1,2,3,5-Thiatriazole 

2,1,3,4-Tetrazole 
(p.  169) 

3 

II 

O 

3  a 

X/ 

o 

N=CHv 

1  >s 

N - N/ 

N=CIL 

1  >NH 

N - N/ 

1,2,3,4-Oxatriazole 
(c/.  Freund ,  Schwarz , 

Ber.  29,  2492) 

1 ,2,3,4-Thiatriazole 
[Triazsulfole  ]  (p.  169) 

1,2,3,4-Tetrazole 
(p.  169) 

90  FIVE-MEMBERED  RINGS  WITH  SEVERAL  HETERO  ATOMS 


For  some  of  these  compounds  trivial  names,  such  as  pyrazole  and 
furazan,  are  used,  but  most  of  them  are  designated  according  to  the 
number  and  kind  of  the  hetero  atoms  in  the  ring :  oxazole,  thiadiazole, 
triazole,  and  so  forth.  In  the  classification  on  page  89  the  azole  ring 
systems  obtained  by  replacement  by  nitrogen  atoms  of  the  methine 
groups  of  furan,  thiophene,  and  pyrrole  are  shown.  The  nomencla¬ 
ture  and  numbering  follow  the  rules  given  in  the  introduction  (p.  8). 

Not  all  of  the  parent  compounds  of  these  ring  systems  are  known.  In  several 
cases  only  the  homologues  have  been  reported,  in  some,  only  the  benzo  derivative. 

The  final  step  in  the  above  system,  the  replacement  of  the  last  methine  group 
with  a  nitrogen  atom,  which  in  the  case  of  pyrrole  leads  to  pentazole: 

N=Nv 
|  ->NH 
N=Nk 

has  not  yet  proved  possible  (cf.  Curtius,  Ber.  48,  1614). 

The  general  ring  synthesis  of  the  azoles,  similar  to  that  of  furan,  thiophene,  and 
pyrrole,  consists  in  the  condensation  of  nitrogen  analogues  of  1,4-diketones  or  1,4- 
diolefin  glycols: 


•C=C(OH),  (SH,  NH2) 
•C=C(OH) 


•c=c 

.U 


O,  (S,  NH) 


1,4-Diolefin  glycol,  heated 
alone,  with  P2S6  or  with  NK3 


) 

•C=N(OH),  (NH2) 
•C=C(OH),  (SH) 

1,3-Diketone  oximes  (hydrazones) 


Furan,  thiophene,  pyrrole 


1,2-Oxa-,  thia-,  diazoles 


1 


N=C(OH),  (SH,  NH2) 
•C==C(OH) 

Ketonyl  amides  (thiamides,  amidines) 

•C=N(OH),  (NH2) 
•C=N(OH),  (NH2) 

1,2-Diketone  dioximes  (hydraz- 
oximes,  osazones) 


N=Cv  , 

->  I  >0,  (S,  NH) 
•C=€/ 


1,3-Oxa-,  thia-,  diazoles 

V 

•  C=N\ 

+  I  >0,  (NH) 
.C=N' 

1,2,5-Oxadiazoles,  2,1,3- 
Triazoles 


•C=N(OH),  (NH2) 
N=C(OH),  (SH) 


•C=N 

I 

N=C 


)>0,  (S,  NH) 


Acylaminoalkyl  oximes  (hydrazi-  1,2,4-Oxa-,  thiadiazoles,  1,2,4- 
dines,  thioacylaminoalkyl  oximes)  triazoles 


N=C(OH),  (SII,  NH2) 
N=C(OH) 


N=C 

I 

N=0 


o,  (S,  NH) 


s-Diacyl  hydrazines,  heated  alone, 
with  P2S6,  or  with  NH3 


1,3,4-Oxa-,  thiadiazoles,  4,1,2- 
triazoles 
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•C=C(OII),  (SH,  NIP) 
N=N(OH),  (NH2) 

o-Diazophenols  (thiophenols, 
anilines,  etc.) 

•  C==N  (NH2) 

I 

N=N(OH) 

Diazohydrazidines 


•c=c 

*  I 

N=N- 


•O,  (S,  NH) 


1,2,3-Oxa-,  tliia-,  triazoles 


•  C=NX 
I  >NH 
N=N' 

Tetrazole 


This  schematic  summary  becomes  clearer  when  considered  together  with  the 
individual  syntheses  described  in  the  following  sections. 

The  numerous  and  important  pyrazoles,  with  their  benzo  derivatives,  the 
indazoles,  will  be  described  first.  Next  will  come  the  isoxazoles  and  their  benzo 
derivatives,  the  indoxazenes,  followed  by  the  imidazoles,  the  oxazoles,  and  the 
thiazoles,  each  with  their  benzo  derivatives.  In  the  rings  containing  three  hetero 
atoms  the  triazoles  and  their  benzo  derivatives  are  first',  then  the  four  groups  of 
oxadiazoles  and  the  four  groups  of  thiadiazoles.  Finally  the  thiatriazoles  and 
tetrazoles  are  discussed. 


II.  FIVE-MEMBERED  RINGS  WITH  TWO  HETERO 

ATOMS 

[2] 

[3]  CH=N  -v 

1.  PYRAZOLES:  |  >NH  [1]  or  [N] 

[4]  CH^CH/ 

[5] 

Pyrazole,  C3H4N2,  has  the  structure  of  a  pyrrole  in  which  one  of 
the  methine  groups  adjacent  to  an  NH-group  has  been  replaced  by  a 
nitrogen  atom.  For  further  details  of  the  constitution  of  pyrazoles, 
see  under  3-methylpyrazole,  p.  93.  The  dihydropyrazoles  are  called 
pyrazolines,  and  the  tetrahydropyrazoles,  pyrazolidines;  oxo  deriva¬ 
tives  of  the  hydrogenated  pyrazoles  are  pyrazolones,  which  include 
the  febrifuges  antipyrine  and  pyramidone,  pyrazolidones,  andpyrazole- 
diones : 


Pyrazole 


CH=N 

I 

ch2— ch2 


•NH 


Pyrazoline 


CH=N 

I 

CH2— CO 

Pyrazolone 


CH2— NH 

iH2— CH2 

Pyrazolidine 


CH2— NH 

I 

CH2— CO 

Pyrazolidone 


3,5-Pyrazoledione 


PYRAZOLE,  m.p.  70°,  b.p.  187°,  is  prepared:  (1)  from  epichlorohydrin  and 
hydrazine  hydrate  with  zinc  chloride  ( Balbiano ,  Ber.  23,  1105;  for  the  course  of 
the  reaction,  seep.  93),  ( 2 )  from  the  acetal  of  propiolaldehyde,HCiC-CH(OR)2, 
by  boiling  with  aqueous  hydrazine  sulfate  ( Claisen ,  Ber.  36,  3666) ;  ( 8 )  from  its 
carboxylic  acid  (p.  99)  by  decarboxylation  ( Buchner ,  Papendieck,  Ann.  273,  232; 
Buchner,  v.  der  Heide,  Ber.  34,  348) ;  (4)  from  pyrazoline  (p.  101)  with  bromine 
( Curtius ,  Ber.  29,  775) ;  (5)  from  acetylene  and  diazomethane:  C2H2  +  CH2N2 
=  C3H4N2  (c/.  pp.  100,  102  and  v.  Pechmann,  Ber.  31,  2950) ;  and  ( 6 )  from  mono- 
bromoethylene  and  diazomethane,  the  unstable  bromopyrazoline  being  formed 
first  ( Oliveri-Mandalci ,  Gazz.  40,  I,  117).  It  is  a  weak  base,  forming  unstable 
salts.  It  does  not  add  methyl  iodide.  Ammoniacal  silver  solution  precipitates 
the  silver  salt  C3H3N2Ag,  which  corresponds  to  the  potassium  salt  of  pyrrole,  and 
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reacts  with  methyl  iodide  to  give  N-methylpyr azole  (p.  94)  or  its  methyl  iodide 
addition  product.  The  platinum  double  salt  (C3H4N2-HCl)2PtCl4-2H20  is 
converted  at  200-210°  by  loss  of  4  mols  of  HC1  to  (C3H3N2)2PtCl2  ( Balbiano ,  Atti 
accad.Lincei  1892,  II,  366).  N-Acetylpyrazole,  b.p.  156°,  and  N-benzoyl- 
pyrazole,  b.p.  281  °,  from  pyrazole  and  acetyl  chloride  or  benzoyl  chloride  ( Knorr , 
Ber.  28,  716). 

HOMOLOGUES  OF  PYRAZOLE  are  formed  by  these  methods: 

1.  From  the  hydrazones  of  /Fdiketones  and  (3-oxo  aldehydes  or 
hydroxymethylene  ketones;  these  hydrazones  are  obtained  from 
hydrazines  and  /3-dioxo  compounds  by  splitting  off  water  or  from  hy¬ 
drazines  and  cc-acetylene  aldehydes  or  ketones  — C=C — CO—  by  addi¬ 
tion  ( Moureu ,  Brachin,  C.r.  136,  1262),  but  they  cannot  usually  be 
isolated,  since  they  lose  water  quickly  to  form  pyrazoles : 


C6H5CO  •  CH2  •  COCHs  C6H5C  •  CH2  •  COCH3  C6H5C  •  CH :  C  •  CHS 

+  - >  II  - >  II  I 

nh2— NHC6H5  n— nhc6h5  N - N-C6H5 

l,3-Diphenyl-5- 

methylpyrazole 

C6H5C  •  C  •  COC6H5  C6H5C  •  CIi2  •  COC6H5  C6H5C  •  CH :  C  •  C6H5 

+  - >  II  - >  II  ,  I 

nh2— nhc6h5  n— nhc6h5  n - n-c6h5 

1,3,5-Triphenyl- 

pyrazole 

Unsymmetrical  |3-dioxo  compounds  jdeld  two  isometric  pyrazoles,  since  both 
possible  hydrazones  are  formed.  In  the  example  given  above,  1,5 -diphenyl -3- 
methylpyrazole  is  produced  in  the  same  reaction  which  gives  1,3 -diphenyl -5- 
methylpyrazole.  The  formation  of  pyrazoles  by  the  reaction  of  hydroxymeth¬ 
ylene  ketones  and  their  derivatives  with  aryl  and  alkylhydrazines  has  been  thor¬ 
oughly  unvestigated ;  in  this  reaction  also,  the  isomeric  pyrazoles  are  produced 
( v .  Auwers,  Ber.  59,  1285;  v.  Auwers,  Mauss,  Ann.  452,  182). 

The  reaction  of  unsymmetrical  acetylene  ketones  or  acetylene  aldehydes  with 
phenylhydrazine  also  gives  two  isomeric  pyrazoles.  Which  one  is  formed  in  greater 
quantity  depends  on  the  first  phase  of  the  reaction,  which  is  often  not  clear.  It 
may  be  assumed  that  both  the  following  reactions  take  place  simultaneously : 


Ri  •  C  i  C  •  C  •  R2 


Primary 
< - 


c6h5nhn 

1 

Ri  •  C :  CH  •  C  •  R2 


hydrazone 

formation 


Ri  •  C  i  C  •  CO  •  R2 

h2n-nh-cgh5 


Primary 

addition 


to  the 
triple  bond 


RI-C-CH2.COR2 

II 

N-NH-CeHs 
Ri  •  C — CH :  C  •  R2 


C6H5N - N 


N - N-C6HS 


Another  pyrazole  synthesis,  analogous  to  this  one,  consists  in  the  action  of  al¬ 
kyl-  or  arylhydrazines  on  a-halogenated,  unsaturated  aldehydes,  or  ketones  of 
the  type  R-CH:CBr-COR  ( v .  Auwers,  Broche,  Ber.  55,  3886;  v.  Auwers, 
Schmidt,  Ber.  58,  528). 

From  oxalyl  diketones  and  phenylhydrazine  diphenyldialkyl-3 ,3 ' -bipyrazoles , 
RC=CH — C — C — CH=CR 

,  are  obtained  ( Claisen ,  lioosen,  Ann.  278, 

C6H5N - N  N - NC6H5 

295). 

2.  From  the  corresponding  pyrazolecarboxylic  acids  (p.  100)  by  decarboxyla¬ 
tion. 

8.  From  pyrazolines  (p.  102)  by  removal  of  two  hydrogens.  In  many  cases 
reactions  which  should  produce  pyrazolines  give  pyrazoles,  as  in  the  action  of 
hydrazines  on  epichlorohydrin  (c/.  pyrazole) ; 
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CH2— CH— CH2C1  +  NH2NHC6H5 

N)/ 

Epichlorohydrin 


CH2— CH=CH  _2H 

*  I  I  - > 

NH - N-C6H5 

2-Phenyl-3-pyrazoline 

CH— CH=CH 
N - NC6H6 

1-Phenylpyrazole 


4-.  From  pyrazolones  or  pyrazolidones  by  heating  with  phosphorus  tribromide 
under  pressure  ( Stoermer ,  Martinsen,  Ann.  352,  322)  or  by  distillation  with  zinc 
dust  or  P2S6  ( Knorr ,  Duden,  Ber.  26,  103) : 


CH2— CO 


\nc6h5 

INK 


CH3-C= 

l-Phenyl-3-methyl-5-pyrazolone 


ch3c 


CH=CHX 
I  j>NC6H5 


--N' 


l-Phenyl-3-methylpyrazole 


These  oxo  derivatives  of  pyrazole  can  also  be  converted  by  POCl3  to  chlorinated 
pyrazoles,  from  which  the  chlorine  can  be  eliminated  by  reduction  {Michaelis, 
Rohmer,  Ber.  31,  2907). 

5.  From  some  hydrazones  of  monoketones  by  heating  with  acid  anhydrides: 


ch3c=n— nhc6h5 


ch3 


+  (CH3C0)20 


Phenylhydrazone  of  acetone 


CH3-C=Nv 

*  |  >NC6Ii5  +  ch3cooh 

HC=C/-CH3 

l-Phenyl-3,5-dimethylpyrazole 


Behavior. — All  homologues  of  pyrazole  are  weak  bases  which  form  double  salts 
with  silver  nitrate,  mercuric  chloride,  and  platinum  chloride.  Like  the  Pt- 
double  salt  of  pyrazole  their  Pt-double  salts  lose  four  molecules  of  HC1  when 
heated,  leaving  R2PtCl2  (R  =  pyrazole  radical) .  With  alkyl  iodides  they  usually 
form  pyrazolium  compounds  (see  p.  95). 

Potassium  permanganate  oxidizes  C-alkylpyrazoles  to  pyrazolecarboxylic  acids, 
unlike  the  alkylpyrroles,  which  are  destroyed  by  this  reagent  {Knorr,  Laubmann, 
Ber.  22,  172) .  In  N-phenjdpyrazoles  the  phenyl  group  is  often  split  off  by  oxida¬ 
tion,  and  replaced  by  hydrogen,  especially  if  the  phenyl  group  is  aminated. 

Reducing  agents  have  little  effect  on  pyrazoles  with  free  imine  groups  {Buchner, 
Fritsch,  Ann.  273,  266).  N-Phenylpyrazoles  are  reduced  to  pyrazolines  (p. 
101),  which  give  color  reactions  with  FeCl3,  chromates,  and  the  like  {Knorr’ s 
pyr azoline  reaction) ;  energetic  reduction  often  splits  the  N — N  bond,  producing 
1,3-propanediamine  derivatives.  In  several  N-phenylpyrazoles  reduction  splits 
off  the  phenyl  group  as  benzene  or  the  like. 

For  spectroscopic  data  on  pyrazoles,  see  v.  Auwers,  Ann.  437,  36,  63. 

Pyrazoles  with  free  imine  hydrogens :  3  (5)  -methylpyrazole : 

CH3  •  C=N— NH  CH3  •  C— NH— N, 

I  |  or  ||  || 

HC - CH  HC - CH 


oil,  b.p.  204°,  is  formed:  {1)  from  hydroxymethyleneacetone  and  hydrazine 
{v.  Auwers,  Broche,  Ber.  55,  3898);  ( 2 )  from  its  carboxylic  acids;  (3)  from  1- 
phenyl -3 -methylpyrazole  and  from  l-phenyl-5-methylpyrazole  by  oxidative  re¬ 
moval  of  the  phenyl  group  {Knorr,  Ann.  279,  217) .  Since  it  is  impossible  to  ob¬ 
tain  the  isomeric  3-methyl  and  5-methyl  derivs.  from  the  corresponding  1-phenyl- 
methylpyrazoles,  it  must  be  concluded  that  in  pyrazoles  with  free  imine  groups 
the  3-  and  the  5-positions  are  equivalent.  To  explain  this,  Knorr  assumes  that 
pyrazole,  like  benzene,  contains  “movable  bonds,”  so  that  the  imine  H  oscillates 
between  the  two  N  atoms  {Knorr,  Ann.  279, 188;  cf.  Buchner,  v.  d.  Heide,  Ber.  35, 

31).  3,5-Dimethylpyrazole,  NH-N:C(CH3)  •ChTc(CH3),  m.p.  107°,  b.p.  220° 
from  acetylacetone  with  hydrazine,  and  from  1 -phenyl -3, 5-dimetliylpyrazole  by  re¬ 
duction  {removal  of  the  phenyl  group:  Marchetti,  Atti  accad.Lincei  1891,  II,  372; 
Bladin,  Ber.  25,  744) .  3,4-Dimethylpyrazole,  m.p.  58°,  from  hydroxymethylene- 
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ethyl  methyl  ketone  and  hydrazine  sulfate  ( v .  Auwers,  Kohlhaas,  Ann.  437,  36). 

3 , 4 , 5  -T  rime  thylpy  razole ,  NH— N=C(CH3)—  C(CH3)=6(CH3) ,  m.p.  138°, 
b.p.  233°,  from  methylacetylacetone.  3,4,4,5-Tetramethylpyrazole, 

N=C(CH3) — C(CH3)2— C(CH3)===N,  m.p.  50-55°,  b.p.  243°,  from  dimethyl- 
acetylacetone,  is  derived  from  the  methylene  form,  which  is  rare  in  the  pyrazole 
series  ( Getting er ,  Ann.  279,  244;  Knorr,  Oettinger,  Ann.  279,  247).  3(5)- 

Phenyipyrazole,  m.p.  78°,  is  prepared  from  benzoylacetaldehyde,  from  its  car¬ 
boxylic  acid  and  from  the  corresponding  phenylpyrazoline  (p.  102)  (Knorr,  Ber. 
28,  696;  Buchner,  Hachumian,  Ber.  35,  37,  42) ;  the  isomeric  4 -phenylpyrazole, 
m.p.  228°,  is  obtained  from  the  corresponding  phenylpyrazoline  or  from  its  dicar- 
boxylic  acid  (p.  100  and  Behaghel,  Buchner,  Ber.  35,  34).  3,5(5,3)-Phenyl- 

methylpyrazole,  m.p.  128°,  b.p.  317°,  from  benzoylacetone  ( Sjollema ,  Ann. 
279,  248)  or  from  acetylphenylacetylene  ( Moureu ,  Brachin,  C.r.  136,  1262)  or 
from  phenylmethylisoxazole  (p.  120)  by  heating  with  alcoholic  NH3  ( Goldschmidt , 
Ber.  28,  2952). 

N -Alkyl-  and  N -arylpyrazoles  are  prepared  either  by  alkylation  of  pyrazoles 
with  free  imine  hydrogen,  which  is  accomplished  by  treatment  of  their  alkali 
or  silver  salts  with  alkyl  iodides,  dimethyl  sulfate,  or  methyl  p-toluenesulfonate, 
or  by  the  action  of  alkyl-  and  arylhydrazines  on  1,3-dioxo  compounds  (see  p. 
92).  Because  of  the  equivalence  of  the  two  nitrogen  atoms  in  pyrazole,  alkyla¬ 
tion  of  a  3 -substituted  pyrazole  results  in  the  formation  of  both  a  1,3-  and  a  1,5- 
disubstituted  derivative : 


HH 

Q 

II 

Q 

M 

IIC— C— R 

HC— CR 

1  1  < - 

IIC  N-CH3 

CII3I  +||  +  CH,I 

hc  n; 

- >  II  II 

HC  N 

'V' 

\//h 

N  S  11 

\/ 

N 

N 

1,5-Derivative 

| 

ch3 

1,3-Derivative 

The  ratio  of  the  yields  of  the  two  products  is  greatly  influenced  by  the  substituents 
already  present  in  the  ring  ( v .  Auwers,  Hollmann ,  Ber.  59,  601,  1282;  Rojahn, 
Ber.  59,  607;  v.  Auwers,  Stuhlmann,  Ber.  59,  1043;  v.  Auwers,  Bohr,  J.pr.  116, 
65) .  For  the  determination  of  constitution  the  molecular  refraction  is  useful,  since 
the  specific  exaltation  (E)  is  consistently  lower  for  a  1,5-derivative  than  for  a 

1.3 - derivative,  especially  if  one  substituent  is  phenyl  [v.  Auwers,  Ernst,  Z.physik. 
Chem.  122  (1926),  217]. 

N-ALKYLPYRAZOLES:  1-Methylpyrazole,  b.p.  127°,  from  the  silver  salt 
of  pyrazole  and  methyl  iodide  ( Buchner ,  Ann.  273,  214;.  Knorr,  Ber.  28,  716); 

1.3- dimethylpyrazole,  b.p.  136°  ( v .  Auvjers,  Broche,  Ber.  55,  3898);  1,3,5- 

trimethvlpyrazole,  (CH3)2C3HN2CH8,  m.p.  37°,  b.p.  170°.  1,3,4-Trimethylpy- 
razole,  m.p.  118°  ( v .  Auwers,  Kohlhaas,  Ann.  437,36).  l-Ethyl-3,5-dimethylpy- 
razole,  b.p.  172°  (v.  Auwers,  Daniel,  J.pr.  110,  249).  l-Ethyl-5-methylpyrazole, 
b.p.  161°,  and  l-ethyl-3-methylpyrazole,  b.p.  152 °,  from  the  corresponding  3- or  5- 
carboxylic  acids  ( v .  Auwers,  Hollmann,  Ber.  59,  606;  v.  Auwers,  Mausolf,  Ber. 
60,  1730).  l,3,5-Trimethylpyrazo3e  and  1,3,4,5-tetramethylpyrazole,  (CH3)3- 
C3N2-CH3,  b.p.  190-193°,  are  prepared  from  acetylacetone  and  methylacetyl¬ 
acetone  with  methylhydrazine  (Knorr,  Ann.  279,  232,  235).  l-Methyl-5- 
phenylpyrazole ,  b.p.  118°  (12  mm.) ;  1 -methyl -3 -phenylpyrazole,  m.p.  56°,  b.p. 
138°  (12  mm.)  (v.  Auwers,  Mausolf,  Ber.  60,  1730).  1 -Ethyl -5 -phenylpyrazole, 

b.p.  129°  (12  mm.);  l-ethyl-3-pheii3dpyrazole,  b.p.  146°  (12  mm.). 

N-PHENYLPYRAZOLES:  1 -Phenylpyrazole,  m.p.  11°,  b.p.  246°,  d  = 
1 .1125,  is  obtained  from  epichlorohydrin  or  the  acetal  of  propiclaldehyde  (Claisen, 
Ber.  36,  3666)  with  phenylhydrazine  (see  above),  or  from  1-phenylpyrazolone  or 
its  carboxylic  acids;  on  reduction  it  yields  phenylpyrazoline  and  N-phenyltri- 
methylenediamine.  1-Tolylpyrazole,  m.p.  33°,  b.p.  259°,  reduces  to  N-tolyl- 
trimethylenediamine  (Balbiano,  Gazz.  18,  354).  1 -Phenyl -3 -methylpyrazole, 

C6H5 •  N — N=C (CH3)  — CH=CH ,  m.p.  37°,  b.p.  255°,  methyl  iodide  addi¬ 
tion  product,  m.p.  144°,  from  phenylmethylpyrazolone  (seep.  104  and  Knorr, 
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Ann.  238,  203;  Andreocei,  Atti  accad.Lincci  1898,  I,  269),  and  from  hydroxy - 
methyleneacetone,  together  with  the  isomeric  1 -phenyl -5 -methylpyrazole, 

C6H5N — N=CH — CH=C(CH3),  oil,  b.p.  263°,  methyl  iodide  addition  product, 
m.p.  256°  ( Stoermer ,  Martinsen,  Ann.  352,  333).  l-Pdienyl -4 -methylpyrazole, 

C6FI5N — N=CH — C(CH3)=(LTT ,  b.p.  266°,  from  the  methyl  iodide  addition 
product  of  1-phenylpyrazole  by  rearrangement  ( Balbmno ,  Marchetti,  Atti  accad. 
Lincei,  1893,  I,  114).  1 -Phenyl -3, 5-dimethylpyrazole,  b.p.  273°,  from  acetyl- 

acetone,  when  reduced  yields  benzene  and  di methylpyrazole  (page  93),  besides 
l-tetrahydrophenyl-3, 5-dimethylpyrazole;  the  latter  decomposes  on  oxidation 
to  dimethylpyrazole  and  adipic  acid  ( Marchetti ,  Atti  accad.Lincei,  1893,  I,  44). 
l-Phenyl-3,4-dimethylpyrazole, b.p. 285°, from  l-phenyl-3,4-dimethylpyrazolone 
(Sto'&rmer,  Martinsen,  Ann.  352,330),  and  from  hydroxymethyleneetityl  methyl 
ketone,  CH(OH)  :C(CH3) -CO-CH3,  (y.  Auivers,  Kohlhaas,  Ann.  437,  36). 
1 -Phenyl -4, 5-dimethylpyrazole,  b.p.  141  (11  mm.)  ( y .  Auwers,  Kohlhaas,  Ann. 
437,  36).  l-Phenyl-3,4,5-trimethylpyrazole,  b.p.  287-290°  ( McConnan ,  Ber. 
37, 3525) .  1,3-Diphenylpyrazole,  m.p.  56  °,  b.p.  337°,  from  benzoylacetaldehyde 
( Claisen ,  Fischer,  Ber.  21,  1135);  1,5-diphenylpyrazole,  m.p.  54°,  b.p.  340°, 
from  its  carboxylic  acid  ( Bischler ,  Ber.  25,  3145) .  Both  1,3 -diphenyl -5 -methyl¬ 
pyrazole,  and  1,5-diphenyl -3 -methylpyrazole  occur  in  a  labile  and  a  stable  form, 
m.p.  47°  and  77°,  and  m.p.  63°  and  72°;  this  isomerism  is  a  polymorphism 
(y.  Auwers,  Schaum,  Ber.  62,  1671).  1,3,5-Triphenylpyrazole,  m.p.  140°,  from 
dibenzoylmethane  or  benzoylphenylacetylene  ( Moureu ,  Brachin,  C.r.  136,  1262; 
Knorr,  Laubmann,  Ber.  21,  1205),  or  from  its  4-carboxylic  acid  by  heating 
(Minnuni,  d’Urso,  Gazz.  58,  691).  1,4,5-Triphenylpyrazole,  m.p.  212°,  from 
its  carboxylic  acid  ( Bischler ,  Ber.  26,  1881).  For  the  formation  of  1,3,4-tri- 
phenylpyrazole ,  m.p.  185°,  by  the  decomposition  of  1, 3,4,6 -tetraphenyldihy dro- 
pyridazine,  see  Smith,  Ann.  289,  332. 

N-ACYLPYRAZOLES  are  obtained  from  the  acid  chlorides  of  the  corresponding 
acids  and  the  free  pyrazole  or  its  Na  or  Ag  salt.  The  acylation  of  3(5)-alkyl- 
pyrazoles  is  analogous  to  their  alkylation  (see  above,  and  v.  Auwers,  J.pr.  110, 
153). 

N,N-DIALKYL-  or  N -ARYL-N -ALKYLPYRAZOLIUM  COMPOUNDS. 
Alkyl  halides  react  with  1-alkyl-  or  1 -ary lpyr azoles  to  form  1,2-dialkyl-  or  1- 
a|ryl-2-alkylpyrazolium  compounds.  The  resulting  compound  is  a  typical  quater¬ 
nary  ammonium  compound : 

+ 

1“ 


1 ,2-Dimethyl-3-phenylpyrazolium  iodide 


HC— C-C6H5 

I  I 

HC  N-CH3 


This  method  of  writing  the  formula  also  indicates  that  the  identical  quaternary 
pyrazolium  salt  is  obtained  from  propyl  iodide  and  1 -ethyl-3, 5-dimethylpyrazole 
(I)  and  from  ethyl  iodide  and  1 -propyl -3, 5-dimethylpyrazole  (II)  (y.  Auwers, 
Daniel,  J.pr.  110,  153): 


HC— C-CH3 


II  +  c3h7i 

N 


(I) 


r  hc — c  •  ch3  i 
I  I 

CHrC  N-C3H7 

\/ 

N 

i2H6 


I-  « 


HC=C  •  CH3 

I  I 

h3cc  nc3h7 

'V' 

N  (II) 


When  the  pyrazolium  compound  is  heated,  that  N -alkyl  group  which  is  less 
firmly  bound  is  split  off  as  alkyl  halide.  The  strength  of  the  N-alkyl  bond  in¬ 
creases  in  this  order :  allyl,  benzyl,  ethyl,  methyl.  This  reaction  can  be  used  for 
the  preparation  of  certain  N-alkylpyrazoles,  but  difficulties  are  encountered  in 
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many  cases.  If  the  two  alkyl  groups  on  the  nitrogen  atoms  are  held  with  approxi¬ 
mately  the  same  energy,  both  split  off,  leaving  a  mixture  of  products;  also,  the 
alkyl  groups  are  apt  to  wander  during  the  reaction  ( v .  Auwers,  Broche ,  Ber.  55, 
3888).  Thus,  when  l-benzyl-2,3-dimethylpyrazolium  iodide  is  heated,  1,3- 
dimethylpyrazole  is  obtained,  instead  of  the  expected  1, 5-derivative. 

The  methyl  iodide  addition  products  of  N-alkyl-  and  N-arylpyrazoles  decom¬ 
pose  when  boiled  with  aqueous  potassium  hydroxide  solution,  giving  symmetrical 
dialk}dhydrazines  ( Knorr ,  Kohler,  Ber.  39,  3257;  Knorr,  Weidel,  Ber.  42,  3523) : 


/CH=NCH3I 

<  I 

^CH— NCH3 


KOH 
- > 


hnch3 

I 

hnch3 


HALOGEN-,  NITRO-,  NITROSO-,  AMINO-  and  BENZENEAZOPYRA- 
ZOLES,  PYRAZOLESULFONIC  ACIDS.  Pyrazole  and  its  homologues  have  a 
decidedly  “aromatic”  character,  which  is  apparent  in  their  tendency  to  substitu¬ 
tion  reactions  similar  to  those  in  the  benzene  series  (see  also  pyrazole  ketones) . 
Halogen  replaces  the  hydrogen  atoms  of  pyrazole;  bromine  substitutes  most 
readily,  attacking  the  4 -position  first.  Chloropyr azoles  are  also  formed  by  the 
action  of  phosphorus  oxjmhloride  on  pyrazolones. 

When  pyrazole  is  sulfonated  or  nitrated,  the  nitro  or  sulfo  groups  enter  the 
pyrazole  nucleus.  N-Phenylpyrazoles  are  nitrated  and  sulfonated  in  the  phenyl 
nucleus.  N-Nitrophenyl-  and  N-sulfophenylpyrazoles  are  also  prepared  by  us¬ 
ing  nitrophenyl-  and  sulfophenylhydrazines  in  the  pyrazole  synthesis  ( Claisen , 
Roosen,  Ann.  278,  296).  In  the  nitropyrazoles,  the  basic  nature  of  pyrazole  is 
offset  by  the  acidity  of  the  substituting  group;  these  compounds  are  acids,  and 
form  stable  salts  with  sodium,  potassium,  and  other  metals. 

Nitropyrazoles  are  reduced  to  aminopyrazoles,  which  are  somewhat  similar  to 
aromatic  amines  in  behavior.  Aminopyrazoles  are  also  obtained  from  the  hy- 
drazides,  azides,  and  urethanes  of  pyrazolecarboxylic  acids  by  the  Curtius  reaction 
(Yol.  I),  and  by  the  action  of  hydrazines  on  the  nitriles  of  /3-oxocarboxylic  acids, 
a,/3-acetylenecarboxylic  acids  ( Moureu ,  Lazennec,  C.r.  143,  1239)  and  malono- 
nitrile.  Nitroso-  and  benzeneazopyrazoles  are  synthesized  from  isonitroso-  and 
benzeneazo-/3 -diketones  with  hydrazines. 

4-Chloropyrazole,  m.p.  77°,  is  formed  by  the  action  of  sulfuryl  chloride  on 
pyrazole  in  ether  ( Mazzara ,  Borgo,  Atti  accad.Lincei  [5]  15,  I,  704).  4-Bromo- 
pyrazole,  m.p.  97°;  l,3,5-triph6nyl-4-bromopyrazole,  m.p.  142°;  3-methyl-5- 
chloropyrazole,  m.p.  116°, b.p.  138°  (15  mm.),  from  the  corresponding  pyrazolone 
with  POCl3  ( v .  Auwers,  Niemeyer,  J.pr.  110,  179),  N-alkyl  derivatives  (loc.  cit., 
p.  164);  l-phenyl-3,4,5-tribromopyrazole,  m.p.  107°;  4-iodopyrazole,  m.p.  108° 
from  pyrazole-4-diazonium  chloride  and  KI  ( Buchner ,  Ann.  273,  214;  Knorr, 
Ber.  37,  3522);  1 -phenyl -4 -chloropyrazole,  m.p.  76°  (Wolff,  Fertig,  Ann.  313, 
21);  3 -phenyl -5 -chloropyrazole,  m.p.  142°  (Michaelis,  Ann.  352,  159),  alkyl 
derivatives  ( v .  Auwers,  Mauss,  J.pr.  110,  221),  acyl  derivatives  (loc.  cit.,  p. 
229);  1 -phenyl -5 -chloropyrazole,  1 -phenyl -3 -methyl -5 -chloropyrazole,  b.p.  142° 
(9  mm.),  and  1 -phenyl -3, 5-dichloropyrazole,  m.p.  26°,  b.p.  171°  (16  mm.), 
from  l-phenyl-5-pyrazolone,  1 -phenyl -3 -methyl -5 -pyrazolone,  and  phenyl  - 
hydroxypyrazolone  (Michaelis ,  Rohmer,  Ber.  31,  3003;  Michaelis ,  Ann.  320,  28) . 
l-Phenyl-5-methyl -3 -chloropyrazole,  b.p.  170°  (15  mm.),  from  l-phenyl-5- 
methyl-3-pyrazolone  (p.  108). 

4-Nitropyrazole,  m.p.  162°,  is  synthesized  from  hydrazine  and  nitromalonalde- 
hyde;  1 -phenyl -4 -nitropyrazole,  m.p.  127°,  is  synthesized  from  phenylhydra- 
zine  and  nitromalonaldehyde  [Hill,  Torrey,  Am.  Chem.  J.  22  (1899),  89]. 
3-Methyl -4-nitropyrazole,  m.p.  134°,  b.p.  325°,  from  methylpyrazole  or  3- 
methyl-5-pyrazolecarboxylic  acid  with  nitric  acid -sulfuric  acid  (Knorr,  Ann. 
279,  228).  4-Nitro-l,3,5-trimethylpyrazole,  m.p.  57°.  3, 5-Dimethyl -4-nitroso- 

pyrazole,  blue  needles,  m.p.  128°,  and  1 -phenyl-3, 5-dimethyl-4-nitrosopyrazole, 
green  platelets,  m.p.  94°,  are  prepared  from  isonitrosoacetylacetone  (Vol.  I)  with 
hydrazine  and  phenylhydrazine ;  the  second  compound  is  oxidized  by  nitric  acid 
to  1 -phenyl -3, 5-dimethyl -4-nitropyrazole,  m.p.  103°  (Wolff,  Ann.  325,  192; 
Sachs,  Alsleben,  Ber.  40,  664). 

4-Aminopyrazole,  m.p.  81°,  readily  sublimable,  is  obtained  by  reduction  of  4- 
nitropyrazole  with  zinc  dust  and  acetic  acid,  and  by  the  decomposition  of  1- 
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NH-CO-C— NHv 

pyrazoto  [4, 3-d]  pyrimidine-5, 7(4, 6) -dione,  |  |  x>N,  which  is  ob- 

✓  CO  •  NH  •  C — CPF 

tained  from  aminomethyluracil  with  N203  ( Wollers ,  Ann.  3 23,  281;  Knorr,  Ber. 
37,  3520);  it  is  also  prepared  from  the  ethyl  ester  of  4:-aminopyrazole-3, 5-dicar - 
boxylic  acid,  m.p.  144°  ( Bertho ,  Niisscl,  Ann.  457,  288),  by  saponification  and 
decarboxylation.  It  is  readily  soluble  in  water,  the  solution,  especially  if  it  is 
made  alkaline,  rapidly  absorbs  oxygen  from  the  air,  turning  dark;  picrate,  m.p. 
196°.  3(5)-Aminopyrazole,  b.p.  282°,  and  3,5-diaminopyrazole,  dibenzoate 
m.p.  207°,  which  are  obtained  from  the  pyrazolecarboxylic  acid  azides,  are  more 
stable  than  the  4-amino  derivative.  1 -Phenyl -3 -methyl -5 -aminopyrazole,  m.p. 
116°,  is  formed  from  acetylacetonitrile  and  phenylhydrazine,  and  also  from  anti- 
pyrine  chloride  by  heating  with  ammonium  carbonate  ( Michaelis ,  Ann.  339, 
134) .  l-Phenyl-3-ethyl-4-methyl-5-aminopyrazole,  m.p.  81  °,  from  a-propionyl- 
propionitrile,  C2H5COCH(CH3)CN,  and  phenylhydrazine.  4-Amino-l,3,5- 
trimethylpyrazole ,  m.p.  103°,  by  reduction  of  nitrotrimethylpyrazole .  Nitrous 
acid  converts  aminopyrazoles  into  stable  diazonium  salts,  which  do  not  decompose 
in  boiling  water;  like  the  aromatic  diazonium  salts,  they  couple  with  aromatic 
amines,  phenols,  and  the  like  to  form  azo  dyes. 

Other  benzeneazopyrazoles,  such  as  1 -phenyl-  and  1 -phenyl -5-methyl -4- 
benzeneazopyrazole,  C6H5N:NC3H2N2-C6H5,  m.p.  124°,  and  C6H5N:NC3H- 
(CH3)N2-C6H5,  m.p.  112°,  have  been  synthesized  from  the  benzeneazo  derivatives 
of  malondialdehyde  and  of  acetylacetaldehyde  with  phenylhydrazine;  1 -phenyl  - 
3 -methyl -4-benzeneazopyrazole,  m.p.  126°,  from  phenylmethylbenzeneazopyra- 
zolone  (p.  105)  ( Michaelis ,  Leonhardt,  Ber.  36,  3597;  Claisen,  Ber.  36,  3669). 
l,5-Diphenyl-3-methyl-4-benzeneazopyrazole,  m.p.  136°,  from  phenylmethyl- 
triketone  (Vol.  Ill)  with  phenylhydrazine  (Sachs,  Rohmer,  Ber.  35,  3317). 
1 -Phenyl -3 -methyl -5 -benzeneazopyrazole,  m.p.  62°,  from  phenylhydrazinopyrine 
(p.  107),  by  oxidation  with  HgO  and  subsequent  heating  (Michaelis,  Robert,  Ber. 
42,  2765). 

Methylpyrazole sulfonic  acid,  C3H2N2(CH3) (S03H),  m.p.  258°,  from  methyl- 
pyrazole  and  fuming  sulfuric  acid  (Knorr,  Ann.  279,  230). 

PYRAZOLOLS.  The  pyrazolols  are  desmotropic  with  the  oxopyrazolines  or 
pyrazolones  (p.  103): 


Enol  Form 


CH-C(OH):CH 
N - NH 

4-Pyrazolol 


Keto  Form 


CH  •  CO  •  CH2 

II  I 

N - NH 

4-Oxo-2-pyrazoline 


CHCH:C(OH) 

II  I 

N - NH 

5-Pyrazolol 


ch-ch2co 

II  I 

N - NH 

5-Pyrazolone 


C  (OH) -CINCH 


3-Pyrazolol 

CO  •  CH :  CH 

I  I 

NH - NH 


3-Pyrazolone 


The  hydroxyl  form  of  4-pyrazolol  appears  to  be  the  more  stable  one,  since  it 
gives,  especially  in  aqueous  solution,  the  reactions  typical  of  enols  (Bertho,  Niissel, 
Ann.  457,  294),  and  is  readily  converted  by  phenyl  isocyanate  to  a  urethan,  and 
by  benzoyl  chloride  to  a  benzoic  acid  ester.  On  the  other  hand,  with  diazonium 
compounds  and  with  N203  it  forms  benzeneazo  and  isonitroso  compounds  (Wolff, 
Ann.  313,  1) .  With  alkylating  agents  3-  and  5 -pyrazolones  yield,  besides  the  iso¬ 
meric  N-alkyl  derivatives  (antipyrines) ,  alkoxypyrazoles ;  with  acid  halides  they 
give  esters  of  pyrazolols.  With  alkyl  iodides  the  alkoxypyrazoles  form  addition 
products,  which  are  identical  with  those  obtained  from  antipyrines  and  alkyl 
iodides;  when  warmed  alone  or  with  alkali,  these  products  are  converted  to  anti¬ 
pyrines.  The  esters  of  pyrazolols  also  give  alkyl  iodide  addition  products  which 
decompose  to  antipyrines  (Himmelbauer,  J.pr.  54,  177;  Stolz,  J.pr.  55,  145; 
Knorr,  Robe,  Ann.  293,  42;  see  also  Michaelis,  Pasternack,  Ber.  32,  2399). 
Alkoxypyrazoles  are  also  prepared  by  the  splitting  off  of  water  from  the  hydra- 
zones  of  /3-oxo  carboxylic  acid  esters  with  special  reagents. 

For  3-  and  5 -pyrazolols,  see  under  pyrazolones. 

4-PYRAZOLOLS  can  be  prepared  by  the  action  of  aliphatic  diazo  compounds, 
especially  diazoacetic  ester,  on  compounds  which  enolize  readily,  such  as  the 
diethyl  ester  of  malonic  acid  (Bertho,  Niissel,  Ann.  457,  284) : 
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HOv 

>C  HC-COOC2H6 

h5c2o/  ||  +  || 

H5C2OOC-CH  n 


HOC- 

II 

H6C2OOC-C 


\ 


NN7 

H 


-CCOOC2H5 

II 

/N 


+  C2H5OH 


4-Hydroxypyrazole-3,5- 
dicarboxylic  acid  ester 

This  reaction  is  analogous  to  the  formation  of  pyrazolines  from  ethylene  deriva¬ 
tives  and  diazoacetic  ester,  and  to  the  synthesis  of  l,2,3-triazol-5-ols  from  phenyl- 
azide  and  malonic  ester. 

4- Pyrazolol,  m.p.  118°,  from  its  carboxylic  acid  (p.  109),  reacts  with  methyl 

iodide  to  give  the  methyl  iodide  addition  product  of  1 -methyl -4 -pyrazolol.  1- 
Phenyl -4-pyrazolol,  m.p.  120°,  from  its  carboxylic  acid  (p.  110),  is  converted  by 
phenyl  isocyanate  to  the  corresponding  carbamic  acid  ester,  m.p.  168°.  3,5- 

Dimethyl-  and  3 -phenyl -5-methyl -4-pyrazolol,  m.p.  173°  and  188°,  from  di¬ 
methyl-  and  phenylmethyltriketone  with  hydrazine  (Sachs,  Rohmer,  Ber.  35, 
3313,  3318).  4-Hydroxypyrazole-3,5-dicarboxylic  acid  diethyl  ester,  m.p.  151° 
(see  above),  saponifies  to  4-hydroxypyrazole-5-carboxylic  acid,  m.p.  204° 
(Bertho,  Niissel,  Ann.  457,  288). 

5- ALKOXYPYRAZOLES:  1 -Phenyl -5 -ethoxypyrazole  is  prepared  from  its 

carboxylic  acid  ester,  which  is  obtained  by  the  condensation  of  the  phenyl- 
hydrazone  of  oxaloacetic  acid  ester  with  ZnCl2;  saponification  of  the  ethoxy  group 
with  HC1  converts  this  compound  to  1-phenylpyrazolone,  m.p.  118°  (p.  104) 
( Stolz ,  Ber.  27,  407).  1 -Phenyl -3 -methyl -5 -methoxypyrazole,  b.p.  240°,  is  ob¬ 

tained  from  phenylmethylpyrazolone  (p.  105)  wuth  diazomethane  (v.  Pechmann, 
Ber.  28,  1626),  or  with  methyl  iodide  and  sodium  methylate,  together  with  the 
isomeric  antipyrine  (p.  106)  (reaction  mechanism :  Backer,  Meyer,  Rec.  45, 428) ; 
also  from  the  methyl  ester  of  acetoacetic  acid  with  phenylhydrazine  and  hydro¬ 
chloric  acid.  When  heated  to  250°  it  rearranges  to  antipyrine  (Ger.  Pat.  95643, 
1897) .  Its  methyl  iodide  addition  product,  which  is  also  obtained  from  anti¬ 
pyrine  and  methyl  iodide,  is  converted  immediately  by  boiling  sodium  hydroxide 
solution  to  antipyrine  (p.  106  and  Knorr,  Ann.  293,  17).  1 -Phenyl -3 -methyl -5- 

ethoxypyrazole,  m.p.  38°,  b.p.  301°,  from  the  phenylhydrazone  of  acetoacetic 
ester  with  acetyl  chloride  or  excess  hydrochloric  acid,  is  converted  by  saponifica¬ 
tion  to  phenylmethylpyrazolone  (see  above) ,  and  by  reduction  with  sodium  and 
alcohol  to  phenylmethylpyrazoline  (Stolz,  Ber.  28,  627,  635;  Knorr,  Ber.  28, 
706) .  The  last  two  ethers  are  also  formed  by  decarboxylation  of  phenylmethyl- 
carbethoxy-  and  -carbomethoxypyrazolone,  which  result  from  the  action  of  the 
ethyl  and  methyl  ester  of  chloroformic  acid  on  phenylmethylpyrazolone  (see 
above,  and  Himmelbauer,  J.pr.  54,  180;  Stolz ,  J.pr.  55,  149). 

1 -Phenyl -5-methyl -3 -methoxypyrazole,  b.p.  274°,  from  1 -phenyl -5 -methyl -3- 
pyrazolone  with  methyl  iodide  and  sodium  methylate  (Prager,  Ann.  338,  282). 

Pyrazolecarboxaldehydes  are  prepared  by  catalytic  reduction  of  the  corre¬ 
sponding  acid  chlorides  (according  to  Rosenmund,  Ber.  54,  425;  Vol.  I,  p.  226) ; 
3-  and  5-carboxaldehydes  of  1-alkyl  and  1-phenylpyrazoles  are  relatively  easy  to 
obtain,  but  the  4-carboxaldehyde  is  formed  in  very  small  yield  (Rojahn,  Fahr, 
Ann.  434,  252;  Rojahn,  Seitz,  Ann.  437,  297). 

l-Phenylpyrazole-5-carboxaldehyde,  oil;  semicarbazone,  m.p.  168°;  oxime, 
m.p.  177°.  1 -Phenyl -5-methylpyrazole -3 -carboxaldehyde,  b.p.  185°  (22  mm.); 

semicarbazone,  m.p.  183°;  oxime,  m.p.  166°.  l-Phenyl-3-methylpyrazole-5- 
carboxaldehyde ,  oil;  oximes,  m.p.  146°,  179°.  l,5-Dimethylpyrazole-3-car- 
boxaldehyde,  m.p.  56°,  b.p.  120°  (13  mm.);  semicarbazone,  m.p.  201°;  oxime, 
m.p.  178°.  l,3-Dimethylpyrazole-5-carboxaldehyde,  b.p.  83°  (12  mm.) ;  semi¬ 
carbazone,  m.p.  206°;  oxime,  m.p.  148°.  l,4-Dimethylpyrazole-3-carboxalde- 
hyde,  m.p.  127°;  semicarbazone,  m.p.  216°. 

PYRAZOLE  KETONES  are  prepared  similarly  to  the  thiophene,  pyrrole,  and 
indole  ketones : 

1 .  By  heating  pyrazoles  with  acid  chlorides  (Michaelis,  Rojahn,  Ber.  50,  737 ; 
Rojahn,  Ber.  55, 291) :  1 -Phenyl -4-acetylpyrazole,  m.p.  122°;  oxime,  m.p.  130°; 
phenylhydrazone,  m.p.  143°  (dec.).  l-Phenyl-4-benzoylpyrazole,  m.p.  123°; 
oxime,  m.p.  143°;  phenylhydrazone,  m.p.  139°  (dec.). 

2.  By  ring  synthesis  from  1,3-diketones  with  suitable  aliphatic  diazo  com- 
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pounds  ( cf .  methods  2  and  4  for  P37razolecarboxylic  acids) :  4 -Me thy  1-5 -acetyl - 
pyrazole,  b.p.  161°  (26  mm.),  from  its  carboxylic  acid  (see  below).  4-Methyl- 
and  4-phenyl -3, 5-diacetylpyrazole,  m.p.  114°  and  134°,  from  the  diazo  anhydride 
of  acetylacetone  (Vol.  I)  with  acetylacetone  or  benzoyl  acetone  (Wolff,  Ann.  325, 
185). 


PYRAZOLECARBOXYLip  ACIDS  are  produced: 

1.  By  oxidation  of  alkylpyrazoles  with  potassium  permanganate. 
If  more  than  one  alkyl  group  is  present,  each  one  is  oxidized  in  turn. 

2.  By  the  ring-closure  of  carboxylic  acid  esters  of  /3-diketones  or 
hydroxymethylene  ketones  with  hydrazines  ( Mumm ,  Berg  ell,  Ber. 
45,3045): 


C«H8C0-CH2-C0-C02R  +  NH2-NHC6H5 - > 

r 

Ethyl  benzoylpyruvate  C6H8N  •  N : C(C6H5)  •  H  •  C02R, 

1 , 3-Diphenjdpy  razole-5- 
carboxylic  acid  ester 

7-Dioxocarboxylic  acid  esters,  such  as  acetonyl-  and  phenacjdacetoacetic  ester 
and  acetoacetylsuccinic  acid  ester,  react  with  benzenediazonium  salts  to  give  phen- 
ylhydrazones  of  /3-dioxocarboxylic  acid  esters,  which  condense  to  pyrazolecar- 
boxylic  acid  esters  (Bischler,  Ber.  26,  1881;  Billow,  Schlesinger,  Ber.  32,  2880; 
Stolz,  Ber.  33,  262;  Billow,  Baur,  Ber.  58,  1926). 


3.  By  the  reaction  of  phenylhydrazones  of  aldehydes  with  /3- 
oxocarboxylic  acid  esters  in  the  presence  of  zinc  chloride  ( Minunni , 
Atti  accad.Lincei  [5]  14,  II,  414;  Gazz.  55,  502;  Minunni,  d’Urso, 
Gazz.  58,  691) : 


C6H5  •  Ci'H  ""'HiC  •  COOC2H6 

II . . . "II 

N  HOC-C6H6 

\ 

nh-c6h6 

Phenylhydrazone  Benzoylacetic 
of  benzaldehyde  ester 


■» 


C6H5-C — C-COOC2H5 

II  II 

N  C-C6II5 

\/ 


n-c6h5 


+  h2  +  h2o 


l,3,5-Triphenylpyrazole-4- 
carboxylic  acid  ester 


This  method  illustrates  the  great  tendency  toward  formation  of  the  pyrazole 

ring. 


4-  By  addition  of  diazoacetic  ester  to  mono-  and  dicarboxylic  acids 
of  the  acetylene  series  ( Buchner ,  Ber.  22,  2165;  Ann.  273,  222) : 


R02CCH 

II 

N=N 

Diazoacetic 

ester 


cco2r 

+  III 

c-co2r 

Acetylene- 
dicarboxylic 
acid  ester 


R02c  •  c==c  •  co2r 
I  I 

HN  •  N=C  •  C02R 

Pyraz  ole-3, 4,5- 
tricarboxylic 
acid  ester 


(a)  Monohalogen  substitution  products  of  the  acrylic  and  fumaric  acid  series 
and  a, (5 -dihalogen  substituted  saturated  acids,  such  as  «,/3-dibromopropionic 
acid  and  a,  /3-dibromosuccinic  acid,  react  with  diazoacetic  ester  in  the  same  way  as 
the  acids  of  the  acetylene  series. 

( b )  Diazoacetic  ester  adds  to  (3 -diketones, such  as  acetylacetone,  when  warmed 
in  sodium  hydroxide  solution,  to  form  compounds  such  as  4-methyl-5-acetyl- 
pyrazole -3 -carboxylic  acid  ester,  m.p.  198°  (Klages,  Ronncburg,  Ber.  36,  1128)  : 

R02C  •  CH  COCH,  R02C*C=C-CH, 

II  +  1 

N=N  CH2COCH3 


NH-NiC-COCH, 
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(c)  The  diazo  anhydrides  of  /3-diketones  ( cf .  1,2,3-oxadiazoles) ,  which  are  de¬ 
composed  by  aqueous  sodium  hydroxide  to  a  carboxylic  acid  and  an  aliphatic 
diazo  compound,  react  similarly  with  j8-diketones  or  /3-oxo  carboxylic  acid  esters 
to  form  diacylpyrazoles  (page  99)  or  acylpyrazolecarboxylic  acid  esters  (Wolff, 
Ann. 325, 177) : 


HsC-CQ  HOC-CHa  C6H5  •  CO  •  C=C  •  CH* 

I  +  ||  - >  I  I 

C6H5  •  CO  •  C :  N:  N  HC  •  COOC2H5  HN  •  N=C  •  COOC2H6 

Acetylbenzoyldiazo-  4-Methyl-5-benzoylpyrazole-3- 

methane  (a  diazo  carboxylic  acid  ester 

anhydride) 

The  pyrazolecarboxylic  acids  lose  C02  when  heated.  A  carboxylic  acid  group 
in  the  3-position  is  split  off  first,  then  one  in  the  5 -position;  one  in  the  4-position, 
which  is  not  adjacent  to  a  nitrogen  atom,  is  most  firmly  bound  ( Claisen ,  Ann.  278, 
273). 

3 (5) -Pyrazolecarboxylic  acid,  m.p.  209°  (dec.),  is  obtained  from  3-methyl- 
or  1  -phenyl -3 -methylpyrazole  (p.  94)  by  oxidation,  and  from  3,5-pyrazoline- 
dicarboxylic  acid  by  decarboxylation  and  dehydrogenation  ( Buchner ,  Papendieck, 
Ann.  273, 237 ;  v.  Pechmann,  Burkard,  Ber .  33, 3595) .  4-Pyrazolecarboxylic acid, 
m.p.  275°,  from  pyrazoletricarboxylic  acid,  or  from  4-(nitrophenyl)pyrazole 
(Behaghel,  Buchner,  Ber.  35,  34).  3,5-Pyrazoledicarboxylic  acid,  m.p.  289°, 
from  methylpyrazolecarboxylic  acid,  dimethylpyrazole  ( Knorr ,  Ann.  279,  218; 
Marchetti,  Atti  accad.Lincei  1892,  I,  356),  and  dibromopropionic  acid  ester  with 
diazoacetic  ester.  4,5-Pyrazoledicarboxylic  acid,  m.p.  260°  (dec.),  is  formed  by 
oxidation  of  triacetyldihydroxy-l-naphtho[2,3]pyrazoledione,  which  is  obtained 
from  diacetylnaplithazarin  and  diazomethane  (cf.  p.  117  and  v.  Pechmann,  Seel, 
Ber.  32,  2299) .  3, 4, 5 -Pyrazoletricarboxylic  acid,  m.p.  233  °,  prepared  according 

to  methods  1  and  4,  and  also  from  pyrazolinetricarboxylic  acid  ester  (p.  102)  with 
bromine. 

3-Methyl-5-pyrazolecarboxylic  acid,  m.p.  236°  (Knorr,  Ann.  279,  217;  alkyla¬ 
tion  of  the  ethyl  ester:  v.  Auwers,  Hollmann,  Ber.  59,  601;  Rojahn ,  Ber.  59, 
607).  For  4,3-  and  3,4-methylpyrazolecarboxylic  acid,  v.  Pechmann,  Burkard, 
Ber.  33,  3592,  3598.  3, 5-Dimethyl -4-pyrazolecarboxylic  acid,  m.p.  290°  (dec.), 
from  acetyl-  or  ethylideneacetoacetic  ester  (Rosengarten,  Ann,  279,  239).  5- 

Phenyl-3-pyrazolecarboxylic  acid,  m.p.  234°,  from  phenylacetylene  and  diazo¬ 
acetic  ester  (Buchner,  Lehmann,  Ber.  35,  35),  and  from  benzoylpyruvic  acid  and 
hydrazine  (Billow,  Ber.  37,  2198).  3-  and  4-Phenylpyrazoledicarboxylic  acid, 

C3(C6H5)HN2(COOH)2,  m.p.  235°  and  243°,  are  prepared  from  diazoacetic  ester 
with  phenylpropiolie  acid  and  with  a-bromocinnamic  acid  (Buchner,  Ber.  27, 
3247;  cf.  Buchner,  v.  der  Heide,  Ber.  35,  33).  l-Methyl-5-phenyloyrazole-3- 
carboxyiic  acid,  m.p.  144°,  and  1 -methyl -3 -phenylpyrazole-5-carboxylic  acid, 
m.p.  183°  (v.  Auwers,  Mausolf,  Ber.  60,  1730);  the  corresponding  l-ethylcar- 
boxylic  acids,  m.p.  138°  and  163°  (loc.  cit.).  1-Phenylpyrazolecarboxylic  acids, 
C3H2N2(C6H5)COOH :  3 -acid,  m.p.  146°,  and  5-acid,  m.p.  183°  (Claisen, 

Roosen,  Ber.  24,  1888);.  4-acid,  m.p.  220°,  from  1 -phenylpyrazoletricarboxylic 
acid  (Knorr,  Laubmann,  Ber.  22,  179).  Its  ethyl  ester,  m.p.  97°,  is  obtained 
from  the  addition  product  of  phenjdhydrazine  with  formylglutaconic  acid  ester 
or  with  malonaldehydic  acid  ester  by  distillation  in  a  vacuum;  in  both  cases 
acetic  ester  splits  from  the  pyrazoline  derivative  formed  first  (Wislicenus,  Breit, 
Ann.  356,  35;  Wislicenus,  Bywaters,  Ann.  356,  45).  Five  isomeric  1-phenyl- 
methylpyrazolecarboxylic  acids  are  known :  the  1,5,3-acid,  m.p.  136  °,  is  prepared 
from  acetonylacetoacetic  ester  with  benzenediazonium  chloride  (p.  99,  method 
2),  and  from  ethyl  acetonyl  oxalate  with  phenylhydrazine,  together  wdth  the 
1,3,5-acid,  melting  at  190°,  which  is  also  obtained  by  a  peculiar  rearrange¬ 
ment  of  phenylmethylhydroxypyridazone  (Ach,  Ann.  253,  54;  Claisen,  Ann. 
295,  305);  the  1,5,4-acid,  m.p.  166°,  is  prepared  from  hydroxymethylene- 
acetoacetic  ester  (Claisen,  Ann.  278,  270;  295,  311) ;  the  1,4,3-acid,  m.p.  134°, 
and  the  1,3,4-acid,  m.p.  192°,  are  prepared  by  oxidation  of  phenyldimethyl- 
pyrazole  (Balbiano,  Severini,  Atti  accad.Lincei  1892,  IT,  195;  1893,  I,  3).  1,5- 

Diphenyl-3 -pyrazolecarboxylic  acid,  m.p.  185°,  from  phenacylacetoacetic  ester. 
1 -Phenyl-3, 4, 5-pyrazoletricarboxylic  acid,  m.p.  184°  (ivnorr,  Laubmann,  Ber: 
22,  172).  1,3 -Diphenyl -5-methyl -4-pyrazolecarboxylic  acid,  m.p.  194°,  is  ob- 
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tained  in  the  form  of  its  ethyl  ester  by  heating  the  phenylhydrazone  of  benzalde- 
hyde  with  acetoacetic  ester  and  ZnCl2  at  130°  ( Minunni ,  Atti  accad.Lincei  [5] 
14  (1906),  II,  414).  1,3, 5-Triphenyl -4-pyrazolecarboxylic  acid,  similarly  with 

benzoylacetic  ester  ( Minunni ,  d’Urso,  Gazz.  58,  691). 

PYRAZOLINES.  When  reduced  with  sodium  and  alcohol,  the 
pyrazoles,  especially  the  N-phenylpyrazoles,  are  converted  to  cli- 
hydropyrazoles,  or  pyrazolines.  Pyrazolines  are  also  formed  by  the 
rearrangement  of  the  hydrazones  of  a-olefincarboxaldehydes  or  ke¬ 
tones  in  boiling  glacial  acetic  acid  (. Auwers ,  Muller,  Ber.  41,  4230; 
Auwers,  Foss,  Ber.  42,  4411): 

CH2=CH— CH  CH2— CH2— CH 

II  - >  I  II 

C6H5 •  NH - N  C6H5 .  N - N 

Phenylhydrazone  1-Phenylpyrazoline 

of  acrolein 


By  a  similar  rearrangement  the  ketazine  of  acetone,  bis-(dimethylmethylene)  - 
hydrazine,  is  converted  by  maleic  acid,  or  by  other  acids  in  the  absence  of  water, 
into  trimethylpyrazoline  {Frey,  Hofmann,  Mo.  22,  760) : 


(H3C)2:C  H3C-C-CH, 


N- 


-N 


Bis-(dimethylmethylene)-hydrazine 


(H3C)  2 :  C— CII2 — C  •  CH3 

I  (I 

NH - N 

3,5,5-Trimethyl-2-pyrazoline 


Homologous  ketazines  and  ethylidenealdazine  give  other  pyrazoline  deriva¬ 
tives;  isobutyraldazine  is  rearranged  by  concentrated  hydrochloric  acid  to  4,4- 
dimethyl-5-isopropylpyrazoline  (Curtins,  Zinkeisen,  J.pr.  58,  910;  Franke,  Mo. 
20,847).  Some  semicarbazones  isomerize  to  pyrazolines  (Heilmann,  Bull.  [4]  45, 
545).  See,  however,  the  rearrangement  of  bis- (diethylmethylene)  -hydrazine  to 
dimethyldiethylpyrrole  when  heated  with  ZnCl2,  p.  32  and  Piloty,  Ber.  43,  493. 

Behavior .- — The  pyrazolines  are  weak  bases  which  are  usually  soluble  only  in 
concentrated  acids.  They  are  less  stable  than  the  pyrazoles.  Oxidizing  agents 
convert  them  to  very  unstable  dyestuffs,  which  are  derivatives  of  bipyrazolines 
(Knorr’s  pyrazoline  reaction;  Kriorr,  Ber.  26,  100).  The  products  of  their 
reduction,  particularly  of  the  reduction  of  N-phenylpyrazolines,  are  principally 
derivatives  of  trimethylenediamine.  Some  pyrazolines  can  be  converted  to  cyclo¬ 
propane  derivatives  by  loss  of  nitrogen  [Kischner,  J.Rnss.Phys.-Chem.Soc.  45 
(1913),  987].  This  reaction  generally  takes  place  with  pyrazolinecarboxylic 
acids  (p.  102). 

Isomerism  of  the  Pyrazolines . — It  has  been  noted  (p.  93)  that  the  great  mobility 
of  the  hydrogen  atom  attached  to  the  nitrogen  atom  in  the  pyrazole  ring  makes  im¬ 
possible  the  isolation  of  isomeric  3-  and  5-alkylpyrazoles.  In  the  pyrazoline 
series  the  situation  is  different;  both  a  3-  and  a  5-methylpyrazoline  can  be  ob¬ 
tained  (Freudenberg,  Stoll,  Ann.  440,  38) : 


h3c-hc- 

I 

HNn 


'N 


CH, 

I 

CH 


5-Methyl-2-pyrazoline 
Picrate,  m.p.  126° 


ch3-c 

II 

N 


Nsf 

H 


-CH2 

I 

,ch2 


3-Methyl-2-pyrazoline 
Picrate,  m.p.  153° 


Of  the  corresponding  phenyl  derivatives,  the  3 -phenyl  compound  is  the  more 
stable  one,  and  the  5-phenyl  compound  isomerizes  to  it  very  readily  ( v .  Auwers, 
Heimke,  Ann.  458, 190) .  The  spectrochemical  data  are  of  assistance  in  determin¬ 
ing  which  isomer  is  present,  since  3-phenylpyrazolines  always  exhibit  a  strong 
exaltation,  while  5-phenylpyrazolines  are  optically  normal  ( loc .  cit.,  p.  102). 

For  the  physical  properties  (b.p.,  m.p.,  d,  nge)  of  34  pyrazolines  in  tabular 
form,  see  v .  Auwers,  Heimke,  Ann.  458,  180, 
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2-Pyrazoline,  CH2-CH2-CH:N-NH,  oil,  b.p.  144°,  from  acrolein  and  hy¬ 
drazine  hydrate  (Wolff,  Ber.  28,  69;  Curtius,  Ber.  29,  774),  and  from  ethylene 
and  diazomethane  ( Azzarello ,  Atti  accad.Lincei  [5]  14  (1905),  II,  285).  5- 

Methylpyrazoline,  b.p.  50°  (16  mm.) ,  picrate  m.p.  126 °,  from  crotonaldehyde  and 
hydrazine.  3-Methylpyrazoline,  b.p.  59°  (19  mm.),  picrate  m.p.  153°,  from  0- 
chloroethyl  methyl  ketone  (Freudenberg ,  Stoll,  Ann.  440,  38).  3, 5, 5-Trimethyl  - 

pyrazoline,  b.p.  66-69°  (20  mm.),  from  mesityl  oxide  and  hydrazine,  and  from 
bis- (dimethylmethylene) -hydrazine  (page  101)  ( Curtius ,  Forsterling,  Ber.  27, 
770).  5-Methyl -3, 5-diethylpyrazoline,  b.p.  79°  (14  mm.),  5 -methyl -3, 5- 

dipropylpyrazoline,  b.p.  102°  (14  mm.),  from  bis-(methylethylmethylene)-  and 
bis- (methylpropylmethylene) -hydrazine.  4-Phenylpyrazoline,  by  addition  of 
diazomethane  to  styrene  (Oliveri-M andala ,  Gazz.  40, 1,  117),  and  from  4-phen 
pju’azoline -3, 5 -dicarboxylic  acid  ( Buchner ,  Perkel,  Ber.  36,  3777).  3-Phenyl- 
pyrazoline,  m.p.  45°,  b.p.  165°  (17  mm.)  ( v .  Auwers,  Heimke,  Ann.  458,  189). 
5-Phenylpyrazoline,  b.p.  144°  (13  mm.),  from  the  hydrazone  of  cinnamaldehyde 
(loc.  cit.,  p.  190) ,  and  from  its  dicarboxylic  acid  ( Bischoff ,  Walden,  Ber.  26,  261) . 
1-Phenylpyrazoline,  m.p.  52°,  b.p.  274°,  is  converted  by  bromine  to  1-phenyl- 
dibromopyrazoline,  m.p.  39°.  1,5-Diphenylpyrazoline,  m.p.  138°,  from  the 
phenylhydrazone  of  cinnamaldehyde.  1,3,5-Triphenylpyrazoline,  m.p.  135°,  is 
converted  by  bromine  to  triphenyltribromopyrazoline,  m.p.  179°.  1 -Phenyl- 

3, 4, 4-trimethyl-5-hydroxypyrazQline,  C6H5N-N:C(CH3)  -C(CH3)2-iH(OH) , 
m.p.  118°,  from  the  corresponding  pyrazolone  by  reduction,  is  rearranged  by  sul¬ 
furic  acid,  with  loss  of  water,  to  1 -phenyl-3, 4, 5-trimethylpyrazole  ( Knorr , 
Jochineim,  Ber.  36,  1275). 

Pyrazoline  ketones  are  formed  by  addition  of  diazomethane  to  a,  ft -unsaturated 
ketones,  e.g.,  4-phenyl-5-acetylpyrazoline,  C3H3(C6H5)N2-COCIIs,  m.p.  106°, 
from  benzylideneacetone  ( Azzarello ,  Gazz.  36,  II,  50). 

Pyrazoline  carboxylic  acids  are  prepared  from  diazoacetic  ester  and  olefin  mono- 
and  dicarboxylic  acids  or  monohalogenated  saturated  acids  (c/.  p.  98);  diazo¬ 
methane  reacts  similarly.  Identical  products  are  obtained  from  maleic  and  fum- 
aric  acid,  from  citraconic  and  mesaconic  acid  and  from  crotonic  and  isocrotonic 
acid  ( Pechmann ,  Burkard,  Ber.  33,  3590) : 


CH2 

.11 

N=N 

Diazo¬ 

methane 


+ 


HC— COOR 

II 

HC— COOR 

Fumaric  acid 
ester 


CH - CH-COOR 

II  I 

N—NH— CH-COOR 

4,5-Pyrazolinedicarboxylic 
acid  ester 


ch-co2r 

II 

N=N 

Diazoacetic 

ester 


ch2 

+ 

CH-COOR 

Acrylic  acid 
ester 


ro2c  •  c - ch2 

II  I 

N— NH— CH-C02R 

3, 5-Pyrazolinedicarboxylic 
acid  ester 


When  heated  alone,  the  pyrazolinecarboxylic  acids  lose  nitrogen,  forming 
cyclopropanecarboxylic  acids.  When  heated  with  hydrochloric  acid,  they  split  off 
hydrazine.  Oxidation  with  bromine  converts  them  to  pyrazolecarboxylic  acids; 
heating  of  their  silver  salts  gives  pyrazoles.  On  reduction  some  pyrazolidine 
derivatives  are  formed  (p.  Ill)  (Buchner,  Ann.  273,  214;  cf.  Pechmann,  Burkard, 
Ber.  33,  3590) . 

2-Pyrazoline-3,5-dicarboxvlic  acid,  m.p.  242°  (dec.)  (Buchner,  Ann.  273,  214). 
Pyrazoline-4,5-dicarboxylic  acid  methyl  ester  (see  above)  (v.  Pechmann,  Ber.  27, 
1890).  Pyrazoline-3,4,5-tricarboxylic  acid  methyl  ester,  C3H3N2(COOCH3)3, 
m.p.  61°,  from  diazoacetic  ester  with  fumaric  acid  ester.  5-Carbomethoxy- 
methylpyrazoline-3,4,5-tricarboxy!ic  acid  methyl  ester,  C3H2N2(COOCH3)3- 
(CH2COOCH3),  m.p.  105°,  from  diazoacetic  ester  with  aconitic  acid  ester,  and 
from  diazosuccinic  acid  ester  with  fumaric  acid  ester.  Pyrazolinetricarboxylic 
acid  ester  is  also  formed  by  heating  diazoacetic  ester  alone,  and  carbomethoxy- 
methylpyrazolinetricarboxylic  acid  ester  by  heating  diazosuccinic  acid  ester  alone; 
in  both  cases  the  diazo  compound  partially  decomposes  to  fumaric  acid  ester, 
which  then  condenses  with  the  diazo  ester  (Buchner,  v.  der  Heide,  Ber.  34,  345; 
Darupsky,  Ber.  43,  1095;  46,  863).  4-Phenylpyrazoline-3,5-dicarboxylic  acid 
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ester  is  obtained  in  two  isomeric  forms,  m.p.  76°  and  107°,  from  the  ethyl  ester 
of  cinnamic  acid  and  the  methyl  ester  of  diazoacetic  acid,  and  from  the  methyl 
ester  of  the  former  and  the  ethyl  ester  of  the  latter,  the  isomerism  disappearing  on 
oxidation  to  the  pyrazole  derivatives  ( Buchner ,  v.  der  Heide,  Ber.  35,  31).  4- 

Phenyl-5-acetylpyrazoline-3,5-dicarboxylic  acid  ester,  from  cinnamoylacetic  ester 
and  diazoacetic  ester,  does  not  form  a  cyclopropane  derivative  on  heating,  but  a 
1,2-pyrone  derivative  ( Buchner ,  Schroder,  Ber.  35,  782). 

PYRAZOLONES 

Pyrazolones,  which  are  the  most  important  class  of  pyrazole  deriva¬ 
tives,  are  derived  from  pyrazolines,  by  replacement  of  a  methylene 
group  by  a  CO-group.  In  this  group  are  included  two  isomeric 
pyrazolones,  h-oxo-2-pyr  azoline,  or  5- pyrazolone ,  and  3-oxoA-pyrazo- 
line  or  3 -pyrazolone.  4-Oxo-2-pyrazoline  reacts  almost  exclusively 
in  the  tautomeric  form  as  4-pyrazolol,  and  has  been  described  on  p. 
98. 


H2C - CH 

OC-NH-N 

5-Pyrazolone 


HC . ■■■  CH 

I  I 

OC-NH-NH 

3-Pyrazolone 


These  two  possible  isomers  cannot  be  isolated  when  the  pyrazolone 
is  unsubstituted,  presumably  because  the  mobility  of  the  hydrogen 
atom  in  the  imine  or  in  the  methylene  group  makes  Formulas  I  and  II 
tautomeric.  However,  two  totally  different  N-phenylpyrazolones 
are  known:  l-phenyl-5-pyrazolone,  p.  104,  and  l-phenyl-3-pyrazolone, 

p.  108: 


da)  (lb) 

H2C - CH  _  IIC— --  - -CH 

OC  •  N(C6H6) .  N  OC  •  N(C6H6) .  NH 

l-Phenyl-5-pyrazolone  Imine  form 

(Methylene  form) 


(Ha) 

HC=CH 

I  I 

OC  •  NH  •  N  •  CeHg 

l-Phenyl-3-pyrazolone 
(Oxo  form) 


HC - CH 

II  II 

HOC-N(C6H6)-N 

Hydroxyl  form 

(Ic) 


/K 


HC=CH 


HOC=N  •  N  •  CeHfi 


•.  Hydroxyl  form 

(Hb) 


The  oxo  form  (la  and  Ha)  is  the  predominating  one  for  the  pyrazo¬ 
lones,  but  with  many  reagents  (especially  alkylating  and  acylating 
agents)  1-alkyl-  or  l-aryl-5-pyrazolones  react  in  the  tautomeric  imine 
form  (lb).  The  existence  of  the  hydroxyl  forms  (Ic  and  lib)  has  been 
discussed  on  p.  97.  The  pyrazolones  were  discovered  by  Knorr  in 
1883.  Various  pyrazolones  have  already  been  described  in  connection 
with  the  hydrazones  of  d-oxo  carboxylic  acids,  since  they  are  the  inner 
anhydrides  of  such  hydrazones,  as  lactams  are  the  inner  anhydrides 
of  the  corresponding  amino carboxjdic  acids. 

5-PYRAZOLONES.  This  most  important  group  of  pyrazolones 
is  prepared:  ( 1 )  By  elimination  of  alcohol  from  the  hydrazones  of 
/3-oxo  carboxylic  acids: 
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CH3C— CH2— COOC2H5  _  c2h6oh  CH3C — CH2 — CO 

II  - >  II  I 

N- - NHC6H6  N - NC6H6 

Phenylhydrazone  of  acetoacetic  ester  l-Phenyl-3-methyl-5-pyrazolone 

Condensing  agents  which  remove  water,  such  as  hydrochloric  acid  and  acetyl 
chloride,  convert  a  number  of  these  hydrazones  to  alkoxypyrazoles  (p.  98),  which 
yield  pyrazolones  when  the  alkoxy  group  is  saponified  [cf.  De,  Quart.  J. Indian 
Chem.Soc.  3  (9126),  30].  Some  phenylhydrazones  of  /3-oxocarboxylic  acid 
esters  form  indole  derivatives  (p.  63)  under  the  influence  of  concentrated  sulfuric 
acid. 

5-Pyrazolones  are  formed  similarly  from  several  other  derivatives  of  hydrazine, 
such  as  semicarbazides  and  thiosemicarbazides  [De,  Quart. J. Indian  Chem.Soc. 
3  (1926),  30;  De,  Dutt,  ibid.,  5  (1928),  459]. 

(2)  From  acetylenecarboxylic  acid  esters  and  hydrazines  ( Roth - 
enburg,  Ber.  27,  783;  Moureu ,  Lazennec,  C.r.  142,  1534). 

(5)  By  oxidation  of  the  corresponding  pyrazolidones. 

Behavior. — The  pju-azolones  form  unstable  salts  with  bases  as  well  as  with 
acids,  being  weak  bases  like  the  other  pyrazoles,  but  having  also  the  acid  proper¬ 
ties  of  /3-oxocarboxylic  acid  esters.  They  also  resemble  /3-oxocarboxylic  acid 
derivatives  in  the  behavior  of  the  methylene  group  between  the  CO-  and  the  CN- 
groups  toward  a  number  of  reagents:  With  benzaldehyde  they  condense  to 
benzylidene  compounds,  with  nitrous  acid  they  form  yellowish  red  isonitroso  deriva¬ 
tives,  and  with  benzenediazonium  salts  they  couple  to  give  more  or  less  strongly 
colored  azo  compounds  (cf.  Rothenburg,  Ber.  27,  782;  Stolz,  Ber.  28,  625).  With 
POCI3  the  pyrazolones  give  chlorinated  pyrazoles  (p.  96),  with  phosphorus  tri¬ 
bromide  under  pressure  they  give  pyrazoles  directly  (Stoermer,  Martinsen,  Ann. 
352,  332).  Heating  with  P2S5  in  xylene  solution  converts  pyrazolones  to  thio- 
pyrazolones,  while  heating  without  a  solvent  to  a  higher  temperature  results  in  the 
formation  of  pyrazoles  (cf.  p.  93  and  Stoermer,  Johannsen,  Ber.  40,  3701; 
Michaelis,  Ann.  361,  251).  The  alkylation  of  pyrazolones  is  complicated,  since 
alkylation  products  of  all  the  tautomeric  forms  can  be  obtained  (see  p.  103, 
formulas  Ia,b,c) .  The  course  of  the  reaction  is  greatly  influenced  by  the  method 
used  (see  antipyrine) .  Acylation  also  leads  to  the  formation  of  several  different 
products  (Stolz,  J.pr.  55,  145,  154). 

5-Pyrazolone,  CO-CH2;CH:N-NH,  m.p.  164°,  is  most  advantageously  pre¬ 
pared  from  malonaldehydic  acid  ester  with  hydrazine ;  it  is  also  formed  from  its 
carboxylic  acid  (page  109).  With  benzaldehyde  it  gives  4-benzylidene-5- 
pyrazolone,  (C3H2ON2)  :CHC6H5,  m.p.  200°,  and  with  nitrous  acid,  4-isonitroso- 
5-pyrazolone,  (C3H2ON2)  :NOH,  m.p.  181°  (dec.).  It  couples  with  benzene¬ 
diazonium  chloride,  forming  4-benzeneazo-5-hydroxypyrazole,  (C3H3ON2) -N: - 
NC6H5  (Knorr,  Ber.  29,  249). 

3-Methyl-5-pyrazolone,  m.p.  215°,  is  obtained  from  acetoacetic  ester  or  de- 
hydroacetic  acid  and  hydrazine  (Abenius,  J.pr.  39,  132) ;  when  heated  with  dry 
sodium  alcoholato  it  forms  3 -methyl -4-alkylpyrazoles  (Wolff,  Thielepape,  Ann. 
420,  275).  3 -Phenyl -5 -pyrazolone,  C3(C6H5)H3ON2,  m.p.  236°,  from  benzoyl- 

acetic  ester  and  hydrazine  (Michaelis,  Ann.  352,  158).  1 -Phenyl -5 -pyrazolone, 

m.p.  118°,  is  prepared  from  the  corresponding  3-  and  4-carboxylic  acids  or  from 
1 -phenyl -5-pyrazolidone  (Claisen,  Haase,  Ber.  28,  35;  Stolz,  Ber.  28,  630). 

1 -Phenyl -3 -methyl -5 -pyrazolone,  CO -CH2-C(CH3)  :N-NC6H5,  m.p.  127°, 
from  acetoacetic  ester,  /3-chlorocrotonic  acid  ester  (Autenrieth,  Ber.  29,  1654)  or 
tetrolic  acid  (Vol.  I)  with  phenylhydrazine,  was  the  first  pyrazolone  derivative 
to  be  discovered,  and  is  now  the  best  known,  being  prepared  technically  on  a  large 
scale  (Knorr,  Ann.  238,  147) .  Its  cobalt  and  silver  salts  are  particularly  charac¬ 
teristic.  With  benzaldehyde  it  gives  the  benzylidene  compound, 

CO  •  C  ( :  CHC6H5) ;  C  (CH8) :  N  •  NC6H6 

m.p.  107°;  the  condensation  product  with  hydroxybenzaldehyde  is  highly  colored 
(Tambor,  Ber.  33,  864).  When  1  -phenyl -3 -methyl-5 -pyrazolone  is  heated  in 
alcoholic  solution  in  the  presence  of  piperidine  for  a  long  time,  di-  and  trimoleeular 
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condensation  products  are  formed  ( Jonescu ,  Georgescu,  Bull.  fIV]  41,  1514).  It 
reacts  with  POCl3  to  give  l-phenyl-3-methyl-5-chloropyrazole  (p.  96),  and  with 
P2S5  in  xylene  to  give  1 -phenyl -3-methyl -5-thiopyrazolone, 

CS  •  CH2C  (CH3) :  N  •  NC6H6, 
m.p.  109°  ( Pander ,  Ann.  361,  261). 

Nitric  acid  attacks  the  benzene  ring  as  well  as  the  pyrazole  ring  (4-position) . 
Picrolonic  acid,  l-{p-nitrophenyl) -2-niethyl-\-nitro-h-pyrazolone ,  m.p.  116.5°,  is 
formed  ( Knorr ,  Ber.  30,  914;  preparation:  Hugounenq,  Florence,  Couture,  Bull. 
[IV]  7,  58) .  It  is  often  used  in  place  of  picric  acid  for  the  isolation  of  bases  con¬ 
taining  nitrogen. 

With  N203  phenylmethylpyrazolone  gives  an  isonitroso  compound, 

'  CO  •  C (NOH)  •  C (CHa) :  N  •  NC6H5, 

m.p.  157°,  which  can  be  oxidized  to  the  4 -nitro -derivative,  m.p.  127°,  and  reduced 
to  4-amino-l -phenyl -3-methyl -5 -pyrazolone.  The  latter  is  also  obtained  by  re¬ 
duction  of  l-phenyl-3-metlryl-4-benzeneazo-5-hydroxypyrazole  (constitution:  v. 
Auwers,  Ann.  378,  218),  which  is  prepared  from  phenylmethylpyrazolone  and 
benzenediazonium  chloride.  The  aminophenylmethylpyrazolone  is  not  stable, 
being  oxidized  by  the  air  to  rubazonic  acid, 

C •  (CH3) : N •  N (C6H5)  •  CO •  6h •  N : C-CO-N(C6H5)-N:C(CH3) , . 
m.p.  181  °,  a  red  compound  which  corresponds  in  behavior  to  purpuric  acid  of  the 
uric  acid  group.  It  can  also  be  obtained  from  aminopvrazolone  (see  above)  and 
from  the  4-hydroxyphenylmethvlpyrazolone  mentioned  below.  With  a  large 
excess  of  oxidizing  agent  the  aminopvrazolone  is  converted  immediately  to  1- 

phenyl-3-methyl-4,5-pyrazoledione,  CO-CO-C(CH3)  :N -NCelR,  bronze  crystals, 
m.p.  119°,  the  isatin  of  the  pyrazole  group,  which  is  also  prepared  by  fission  of  its 
4-dimethylamino  anil,  the  condensation  product  of  nitrosodimethylaniline  and 
phenylmethylpyrazolone.  On  reduction  this  pyrazoledione  forms  1 -phenyl -3- 
methyl-4-hydroxy-5-pyrazolone  {Knorr,  Pschorr,  Ann.  293,  50). 

When  oxidized  with  ferric  chloride  phenvlmethylpvrazolone  condenses  to 
C6H5N — CO — C— — -  — C — CO — NC6H5 
pyrazole  blue,  [  [  |  [  ,  which  is  analogous  in 

n=cch3  ch3c==n 

constitution  and  behavior  to  indigo  (p.  78),  and  which  is  also  known  as  4,4 '-di- 
{1 -phenyl-2, -methylpyr azole) -indigo.  Milder  oxidizing  agents,  such  as  phenyl- 
hydrazine,  give  the  dihydro  derivative  of  this  compound,  bi-4,4  '-(1  -phenyl-3 - 
methyl-5-pyrazolone)  ( Michaelis ,  Rademacher,  Schmiedekampf,  Ann.  354,  55), 
which  is  also  obtained  from  the  silver  salt  of  phenylmethylpyrazolone  with  iodine. 
Phenylmethylpyrazolone  when  treated  with  diazomethane  yields  phenylmethyl- 
methoxypyrazole  (p.  98),  and  a  small  quantity  of  the  isomeric  antipyrine  (c/. 
v.  Pechmann,  Ber.  28,  1626). 

1 -Phenyl -4-methyl-5-pyrazolone,  C6H5N-N:CH-CH(CH3) -CO,  m.p.  148°, 
from  /3-formylpropionic  acid  ester  and  phenylhydrazine,  and  from  bromometha- 
crylic.  acid  ester,  CHBr: C(CH3)  •  COOR,  and  phenylhydrazine,  together  with 
some  1 -phenyl -4 -methyl -3 -pyrazolone  (p.  109)  ( Stolz ,  Ber.  38, 3273) .  1-Methyl- 

3 -phenyl -5-pyrazolone,  CH3N-N:C(C6H5) -CH2  CO,  m.p.  207°,  by  methylation 
of  3 -phenyl -5 -pyrazolone  (p.  104)  and  by  condensation  of  benzoylacetic  ester 
with  methylhydrazine ;  it  is  completely  analogous  in  its  reactions  to  l-phenyl-3- 
methyl-5-pyrazolone  {Michaelis,  Ann.  352,  152).  1,3 -Diphenyl -5-pyrazolone, 

C6H5N-N:C(C6H5) -CHo-CO,  m.p.  137°,  from  benzoylacetic  ester  and  phenyl¬ 
hydrazine  {Michaelis,  Willert,  Ann.  358,  171),  can  be  converted,  similarly  to 
phenylmethylpyrazolone,  to  1,3 -diphenyl -4, 5-pyrazoledione  and  4 -hydroxy- 1,3- 
diphenyl-5-pyrazolone  {Sachs,  Becherescu,  Ber.  36,  1132). 

5-Iminopyrazolines,  5-pyrazoloneimines ,  have  been  prepared  from  /8-oxo 
carboxylic  acid  nitriles  or  nitriles  of  acetylenecarboxylic  acids  with  hydrazine  or 
arylhydrazines.  The  hydrazones  or  arylhydrazones  which  are  formed  first  isom- 
erize  under  the  influence  of  hydrochloric  acid  to  iminopyrazolones : 
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H2C - C-CH3  hci  H2C - C-CH, 

I  I!  - >  I  II 

N  i  C  HN(C6H5)N  HN:C-N(C6H5)  -N 

Pyrazolone-3(5)-imine,  b.p.  282°,  from  pyrazole-3 (5) -carboxylic  acid  azide. 
1  -Phenyl -3 -methyl-5-pyrazoloneimine,  m.p.  116°  (see  iminopyrines,  p.  107). 
The  iminopyrazolines  are  tautomeric  with  the  aminopyrazoles. 

AN  TIP  YRINE ,  1  -phenyl-2 , 3-dimethyl-5-pyrazolone , 

C6H6N— CO— CH 

I  I! 

ch3n - cch3 

m.p.  112°,  distillable  under  reduced  pressure,  is  obtained  in  the  form 
of  its  hydriodide  by  the  reaction  of  phenylmethylpyrazolone  with 
methyl  iodide  and  methanol  at  100°,  or  by  heating  the  sodium  salt  of 
phenylmethylpyrazolone  with  dimethyl  Sulfate  in  aqueous  methanol 
solution  (Grand, mougin  et  al.,  Chem.-Ztg.  37,  813).  It  is  also  formed 
by  the  condensation  of  s-phenjdmethylhydrazine  with  acetoacetic 
ester  (Knorr,  Ann.  238,  160;  Ger.  Pat.  40377,  1886): 

C6H6NH  ROCO-CH2  _h20  CeHsN— CO— CH 

ch3nh  +  coch3  -roh>  ch3n  - cch3 

The  crude  antipyrine  is  best  purified  by  conversion  to  the  sparingly  soluble  per¬ 
chlorate  (Ger.  Pat.  417696,  1921). 

Antipyrine  is  a  very  strong  monoacid  base  (hydrochloride,  m.p. 
158-160°),  readily  soluble  in  water  and  alcohol,  and  crystallizing 
from  ether  or  toluene  in  shiny  platelets.  In  medicine  it  is  highly 
esteemed  as  an  antipyretic;  its  salicylate,  salipyrine  (m.p.  92°), 
and  p-tolyldimethylpyrazolone,  tolypyrine,  as  well  as  other  homo- 
logues,  have  a  similar  action.  For  molecular  compounds  of  antipy¬ 
rine  with  phenols,  see  Bodforss,  Gutlne ,  Ber.  57,  842.  Antipyrine 
can  be  catalytically  hydrogenated  to  dihydro  antipyrine  (m.p.  105°) 
(Waser,  Helv.  8,  117). 

Other  1 -phenyl -2-alkyl -5-pyrazolones  can  be  prepared  in  a  similar  manner 
from  phenylmeth}dpyrazolone  by  alkylating  agents:  2-benzyl-  and  2-ethyl- 
1 -phenyl -3 -methyl -5 -pyrazolone,  m.p.  119°  and  73°,  respectively.  Antipy¬ 
rine  and  its  homologues  are  also  formed  by  heating  the  alkyl  halide  addition 
products  of  5-alkoxypyrazoles  (p.  98)  or  5-chloropyrazoles  (p.  96)  with  aqueous 
alkali;  the  methyl  iodide  of  l-phenyl-5-chloropyrazole  with  alkali  gives  1- 
phenyl -2-methyl -5-pyrazolone,  m.p.  117°,  which  is  also  obtained  from  1-phenyl- 
5-pyrazolone  with  methyl  iodide  ( Michaelis ,  Ann.  320,  28) .  The  isomers  of  anti¬ 
pyrine,  1,2-dimethyl -3 -phenyl-5 -pyrazolone,  m.p.  108°,  and  1 -phenyl-2, 4- 
dimethyl -5-pyrazolone,  m.p.  125°,  are  prepared  by  methylation  of  l-methyl-3- 
phenyl-  and  1 -phenyl -4 -methyl -5-pyrazolone  ( Michaelis ,  Dorn ,  Ann.  352,  175; 
Stolz,  Ber.  33,  3275).  For  l,2,3-trimethyl-5-pyrazolone,  see  Michaelis,  Lach- 
witz,  Ber.  43,  2106. 

Reactions  of  the  Antipyrines. — Antipyrine  (and  also  its  homologues)  is  converted 
by  POCl3  to  antipyrine  chloride,  the  2 -methyl  chloride  addition  product  of  1- 
phenyl-S-methyl-5-chloropyr azole,  m.p.  137°;  the  chlorine  atoms,  especially  the 
one  in  the  5-position,  are  very  easily  replaced.  Alkali  regenerates  antipyrine, 
alkali  hydrosulfides  or  sodium  thiosulfate  give  thiopyrine  (page  107),  and  am¬ 
monia  and  amines  give  iminopyrine.  These  compounds  are  strong  bases  like 
antipyrine  itself  and,  in  contrast  to  other  pyrazole  and  pyrazolone  derivatives, 
form  stable  salts  with  acids.  The  salts  are  quaternary  ammonium  salts,  corre¬ 
sponding  to  the  formulas : 
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HC - C-CH3  HC - C-CH3  HC - C-CH3 

I!  I!  /Ci  II  II  /Ci  ||  ||  /Ci 

HO  •  C— N(C6H5)  ■  N<  HS  •  C— N(C6H5) .  N<  H2N  •  C  •  N(C6H5)  •  N< 

xch3  xch3  \ch3 


They  are  alkyl  halide  addition  products  of  5-hydroxy-,  5-mercapto-  and  5-amino- 
pyrazoles.  The  salts  are  derived  from  their  bases  by  an  addition  of  acid  in  the 
2, 5-position  of  the  pyrazole  ring;  Michaelis  has  proposed  these  structures  for  the 
free  bases  ( Michaelis ,  Ann.  320,  1;  331,  197;  339,  117;  Michaelis,  Hepner,  Ber. 
36,  3271;  Knorr,  Ann.  328,  78) : 


HC - C  •  CH3 

cc^^°^>n-ch3 

\n(c6hsk 


HC- 

ll 

c< 


'N(C6H5)/ 


c-ch3 

II 

n-ch3 


HC - C  •  CH3 

II  /NH  II 

cc  /N-ch3 

\N(C6H5)/ 


Antipyrine 


Thiopyrine 


Iminopyrine 


The  compound  obtained  from  antipyrine  chloride  with  p-toluidine  differs  from 
that  from  tolypyrine  chloride  with  aniline  ( Michaelis ,  Ann.  339,  130;  352,  154). 
This  fact  does  not  invalidate  the  “betaine  formula”  of  Michaelis,  since  the  fourth 
and  fifth  valences  of  nitrogen  are  known  to  be  different. 

All  1,2-dialkylpyrazolones  behave  like  antipyrine  and  its  homologues  .( cf . 
Michaelis,  Dorn,  Ann.  352,  175;  Michaelis,  Rademacher,  Schmiedekampf ,  Ann. 
354,  55;  Michaelis,  Lachwitz,  Ber.  43,  2106). 

THIOPYRINES.  1 -Phenyl -2 -methylthiopyrazole,  m.p.  162°,  from  the  2- 
methyl  iodide  of  1 -phenyl -5-chloropyrazole  with  KSH.  1 -Phenyl -2, 3-dimethyl- 
thiopyrazole ,  thiopyrine,  m.p.  166  °,  from  antipyrine  chloride  with  KSH  or  Na2S203 
in  aqueous  solution,  has  an  antipyretic  action  like  antipyrine.  1 -Phenyl -2- 
ethylthiopyrazole ,  m.p.  171°;  l-phenyl-2,3,4-trimethylthiooyrazole,  m.p.  129°. 
By  repeated  distillation,  or  by  heating  their  alkyl  halide  addition  products,  thio- 
pyrines  are  converted  b}^  a  shift  of  the  alkyl  group  from  N  to  S  to  pseudothio- 
py rines  or  alkylthiopyrazoles  such  as  CH3  •  C :  N  •  N  (C6H6)  •  C(SCH3) :  CH .  Thio- 

I _ I 

pyrines  and  pseudothiopyrines  behave  differently  when  oxidized:  the  former 

O - S02 

II 

give  trioxides,  inner  salts  of  sulfonic  acids,  such  as  CH3C:N(CH3)  -NC6H5-C:CH 

1 _ l 

while  the  latter  give  dioxides,  sulfones,  such  as 

CH3C :  N  •  N(C6H5)  •  C (S02CH3) :  CH 

i _ I 

IMINOPYRINES.  1  -Phenyl -2,3 -dimethyliminopyrazole,  iminopyrine  (for¬ 
mula  given  above),  m.p.  63°,  from  antipyrine  chloride  by  heating  with  aqueous 
ammonia  or  ammonium  carbonate  under  pressure;  its  hydrochloride  decomposes 
when  heated  into  CH3C1  and  l-phenyl-3-methyl-5-aminopyrazole,  which  can  be 
reconverted  to  the  iminopyrine  hydriodide  by  addition  of  methyl  iodide.  Anilino- 
pyrine,  m.p.  59°,  from  antipyrine  chloride  and  aniline,  is  transformed  by  heating 
its  methyl  iodide  to  1 -phenyl -3 -methyl -5 -methylanilinopyrazole.  For  phenyl  - 
hydrazinopyrine,  see  Michaelis,  Robert,  Ber.  42,  2765.  For  other  iminopyrines, 
see  Stolz,  Ber.  36,  3279.  For  hy dr azinopy rines,  see  Thielepape,  Spreckelsen,  Ber. 
55,  2936. 

Like  acids,  alkyl  iodides  add  in  the  2, 5 --position  of  antipyrine,  forming  methyl 
iodides  of  5-alkoxypyrazoles  (p.  98) ;  at  higher  temperatures  antipyrine  and 
methyl  iodide  eive  l-phenyl-2,3,4-trimethyl-5-pyrazolone,  methylantipyrine, 
m.p.  82°,  and  also,  by  rearrangement,  1 -phenyl -3 ,3 ,4 -trimethyl -5 -pyrazolone, 
m.p.  56°  {Knorr,  Ann.  293,  1). 

4-Nitrosoantipyrine,  which  detonates  when  heated,  is  prepared  from  anti¬ 
pyrine  with  nitrous  acid;  when  reduced  with  zinc  and  acetic  acid  it  gives  4- 
aminoantipyrine ,  m.p.  109°,  from  whose  diazo  derivative  dyes  are  obtained 
{Knorr,  Stolz,  Ann.  293,  58).  The  aminoantipyrine  is  converted  by  treatment 
with  methyl  iodide,  dimethyl  sulfate  or  formaldehyde  and  a  little  formic  acid 
(Ger.  Pat.  360423,  1918;  Brit.  Pats.  214261,  223192,  1923)  into  pyramidone, 
\-dimethylamino -2, ?>-dimethyl-\-phenyl-h -pyrazolone,  m.p.  108°  (Ger.  Pats. 
90959,  1896;  111724,  1899),  which  is  transformed  by  the  human  body  largely  to 
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antipyrylurea  and  rubazonic  acid  (see  p.  110)  ( Jaffe ,  Ber.  35,  2891).  Pyrami- 
done,  by  itself  an  important  antipyretic,  is  also  a  constituent  of  numerous  other 
pharmaceuticals:  Trigemin  (pyr.  +  butylehloral  hydrate:  Pfeiffer,  Seydel, 
Z. physiol. Chem.  178,  97);  Veramon  (2  pyr.  +  1  barbital:  Pfeiffer,  Seydel , 
Z. physiol. Chem .  176,  1);  Compral  (1  pyr.  -f-  1  voluntal:  Pfeiffer,  Seydel,  Z. 
physiol. Chem.  178,  81);  Perdolat  (pyr.  +  cinchophen  +  caffeine);  Allional 
[addition  product  of  pyr.  with  isopropyl-propenylbarbituric  acid:  Mentzel, 
Pharm.Zentralhalle  65  (1924),  535];  Cibalgin  [pyr.  +  diallylbarbituric  acid: 
Auen,  Mtinchen.  med.Wochschr.  73  (1926),  24]. 

4-Hydroxyantipyrine,  m.p.  182°,  is  formed  by  methylation  of  4-hydroxy-l- 
phenyl-3-rnethylpyrazolone  (p.  105) ;  it  has  marked  phenolic  properties  ( Knorr , 
Pschorr,  Ann.  293,  49). 

Disintegration  Products. — When  heated  with  alcoholic  KOH  at  130°  antipyrine 
is  split,  forming  phenylmethylhydrazine  (p.  96  and  Knorr,  Ber.  39,  3265). 
When  nitrosoantipyrine  (I)  is  heated  with  phenylhydrazine,  the  phenylhydrazone 
of  isonilrosoacetoacetic  acid  phenyimethylhy  dr  azide  is  produced  (Knorr,  Ann.  328, 
62) .  When  antipyrine  (II)  is  heated  with  toluene  and  sodium  in  an  atmosphere 
of  CO2,  (3-methylaminocrotonanilide  is  obtained  (Knorr,  Taufkirch,  Ber.  25,  769) : 

(I)  CII3N  •  N(C6H5)  •  CO  •  C(NO) :  CCH3  - > 

CH3NH.N(C6H5)  -CO-C(NOH)  •C(N2HC6H5)CH3 

(II)  C6H5N  CO  •  CH :  C(CH3)^NCH3  - > 

C6H6NH  •  CO  •  CH :  C(CH3)  •  NHCH3 

3-PYRAZOLONES  (cf.  p.  97)  are  prepared:  ( 1 )  By  the  action  of  PC13  on  a 
mixture  of  d-oxocarboxylic  acid  esters  and  acetyl-  or  benzoylphenylhydrazine ; 
phenylhydrazides  of  /3-oxocarboxylic  acids  are  probably  formed  first  (Michaelis, 
Ann.  338,  269) : 

CH3CO  •  CH2  •  CO  CH3C :  CH  •  CO 

I  - >  I  I 

CelRNII - NH  CcH5N - NH 

(2)  By  the  action  of  phenylhydrazine  on  /3-hydroxyalkylacrylic  acid  ester 
(Conrad,  Zart,  Ber.  39,  2282). 

(3)  By  oxidation  of  the  corresponding  3-pyrazolidones. 

Behavior. — The  3-pyrazolones  resemble  the  5-pyrazolones  in  behavior;  like 
the  latter,  they  have  both  acidic  and  basic  properties.  POCl3  converts  them  to  3- 
chloropyrazoles;  with  benzenediazonium  salts  they  form  azo  dyes  (Michaelis, 
Ann.  338,  228) ;  with  N203  they  give  green  4-nitroso  compounds,  which  oxidize 
to  strongly  acid  4-nitro  compounds  and  reduce  to  stable  4-aminopyrazolones  re- 
sistent  to  oxidation.  When  boiled  with  ferric  chloride  they  do  not  form  com¬ 
pounds  similar  to  pyrazole  blue.  The  melting  points  of  the  3 -pyrazolones  are 
always  higher  than  those  of  the  corresponding  5 -pyrazolones. 

l-Phen3d-3-pyrazolone,  CH :  CH  •  CO  -  NH  -N  -CeHs,  m.p.  155°,  is  obtained  from 
1 -phenyl-3 -pyrazolone -4-carboxylic  acid  by  heating,  from  1 -phenyl -3 -pyrazoli- 
done  b}^  oxidation  with  ferric  chloride,  and  from  1-phenylpyrazoline  by  treatment 
with  Br  and  then  with  aqueous  KOH  (Harries,  Loth,  Ber.  29,  519;  Michaelis, 

Remy,  Ber.  40,  1020) .  1,5-Diphenyl -3 -pyrazolone,  C6H5C:  CH  CO-NH-NCeHs, 
m.p.  252°,  by  method  1,  2,  or  3,  or  by  distillation  of  cinnamic  acid  phenylhydra- 
zide  (Knorr,  Ber.  20,  1107;  Willert,  Ann.  358,  159).  1 -Phenyl -5 -methyl -3- 

pyrazolone,  CHsC:CH-CO-NH-NC6H5,  m.p.  167°,  by  method  1  or  5;  methyla¬ 
tion  converts  it  to  the  isomer  of  antipyrine,  the  poisonous  3 -antipyrine,  1 -phenyl- 

2, 5-dimethyl -3 -pyrazolone,  CH36 : CH •  CO •  N (CH3)NC6H5,  m.p.  119°  (Lederer, 
J.pr.  45,  83 ;  Stolz,  Ber.  28,  629) ;  this  compound  is  completely  analogous  to  anti¬ 
pyrine  in  its  chemical  behavior :  with  POCl3  it  forms  the  methyl  chloride  addition 
product  of  1  -phenyl -5-methyl-3-chloropyrazole,  analogous  to  antipyrine  chloride, 
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which  gives  3-iminopyrine  with  ammonia,  3-thiopyrine  with  potassium  hydrosul¬ 
fide  and  3-selenopyrine  with  potassium  hydroselenide  (Stolz,  Ber.  36,  3290; 
Michaelis,  Ann.  338,  290).  l-Phenyl-4-methyl-3-pyrazolone, 

CH :  C (CHS)  •  CO  •  NH  •  NC6H5, 

m.p.  210°,  is  obtained  together  with  1 -phenyl -4 -methyl -5 -pyrazolone  from  bromo- 
methacrylic  acid  ester  and  phenylhydrazine  ( Stolz ,  Ber.  38,  3273). 

1  -Phenyl -3  -methyl-5-pyrazolone  -4-carboxaldehyde , 

C6H5  •  N  •  N :  C (CH3)  •  CH  (CHO)  •  CO, 

m.p.  174°,  is  prepared  from  the  condensation  product  of  methylphenylpj^razolone 
with  a-isatin  anil  by  treatment  with  aqueous  sodium  hydroxide  (cf.  p.  77  and 
Felix,  Friedlander ,  Mo.  31,  73). 

PYRAZOLONECARBOXYLIC  ACIDS.  The  esters  of  these 
acids  are  obtained  from  the  hydrazones  of  /?-oxo  or  formyldicar- 
boxylic  acid  esters;  the  acids  decompose  readily  into  C02  and  py¬ 
razolones. 

5 -Pyrazolone -3 -carboxylic  acid,  CO-CH2-C(COOH)  :N-NH,  dec.  250°, 
methyl  ester,  m.p.  227°,  from  the  methyl  ester  of  oxalacetic  acid,  chlorofumaric 
acid  ester  ( Ruhemann ,  J.  69,  1394)  or  acetylenedicarboxylic  acid  ester  with  hydra¬ 
zine  ( Rothenburg ,  Ber.  25,  3442;  26,  1722) ;  the  acid  yields  5-pyrazolone  (p.  104) 
on  decarboxylation,  and  an  isonitroso  compound,  m.p.  201°,  with  nitrous  acid; 
the  latter  compound  is  transformed  to  the  hydrazide  of  hydrazipyrazolonecar- 
boxylic  acid  by  treatment  with  hydrazine  hydrate.  The  anhydride  of  this  acid 
(I),  dec.  126°,  has  a  symmetrical  dicyclic  nucleus,  which  may  also  be  considered 
as  a  double  anhydride  of  dioxosuccinic  acid  osazone  (Rothenburg,  Ber.  26,  2057) ; 
cf.  the  diphenylmethylbipyrazole  (II)  obtained  from  l-phenyi-3-methyl-4-ben_ 
zoyl-5-chloropyrazole  and  hydrazine  ( Michaelis ,  Bender,  Ber.  36,  523),  and  the 
phenylmethylpyrazolo [ 4, 3] pyrazolone  (III)  obtained  from  4-dimethylamino- 
azoantipyrine  by  heating  with  elimination  of  dimethylamine  (Stolz,  Ber.  41 , 3849 ) ; 

(I)  (II)  (HI) 

N - C-CO-NH  C6H5-N - C - NII  CH3N— C=CH 

NH •  CO  •  C=N  N : C(CH3)  •  C  •  C(C6H6) : N  C6H5N •  CO  •  C :  N  •  NH 

5 -Pyrazolone -4 -carboxylic  acid,  CO — CH(COOH) — CPI— N — NH,  ethyl  ester 
m.p.  181°,  is  prepared  from  propylene-1, 1,3, 3 -tetracarboxylic  acid  ester, 
(COOR)2CH •  CH : C(COOR)2,  with  hydrazine  hydrate,  or  from  ethoxymethyl- 
enemalonic  acid  ester  with  hydrazine  (Ruhemann,  Orton,  J.  67,  1002).  The 
acid  loses  C02  readily  to  give  5-pyrazolone  (p.  104)  (Ruhemann,  Morrell, 
Ber.  28,  988). 

3 - Carbethoxymethyl -5-pyrazolone,  (C2H5OCOCH2)C3H3ON2,  m.p.  190°,  from 
/3-oxo  glutaric  acid  ester  and  hydrazine  (Kujferath,  J.pr.  64,  334) . 

4 - Hydroxypyrazole -3 -carboxylic  acid,  m.p.  205°,  from  the  diazosulfonate  of 
tetronic  acid  (Vol.  I,  p.  599)  by  warming  wdth  aqueous  sodium  hydroxide,  is  iso¬ 
meric  with  the  5-pyrazolonecarbox}dic  acids  (Wolff,  Liittringhaus ,  Ann.  313,  6) : 

o - CO  HOCO 

I  !  - >  I 

CH2 •  C(OH) :  C  •  N :  NS03H  CIP :  C(OH)  •  C :  N  •  NH 

i _ i 

When  heated  it  gives  4-pyrazolol  (p.  98). 

1 -Phenyl -5 -pyrazolone -4 -carboxylic  acid,  CO — CH(COOH) —  CH=N — NC6PIs, 
m.p.  93°  (dec.),  ethyl  ester,  m.p.  118°,  is  prepared  from  propylene-1, 1,3 ,3 -tetra¬ 
carboxylic  acid  ester  with  phenylhydrazine,  or  from  ethoxymethylenemalonic 
acid  ester  with  phenylhydrazine.  The  isomeric  l-phenyl-5-pyrazolone-3-car- 
boxylic  acid,  m.p.  181°,  is  obtained  in  the  form  of  its  ester  from  oxalacetic  ester 
and  phenylhydrazine.  Both  phenylpyrazolonecarboxylic  acids  give  the  same 
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phenylpyrazolone  (p.  104)  ( Kiliani ,  Ber.  28,  41).  1 -Phenyl -3 -pyrazolone -4- 


carboxylic  acid,  CH:C(COOH) -CO-NH-NCeHs,  m.p.  216°  (dec.),  is  obtained 
in  the  form  of  its  ester  by  the  action  of  PC13  on  a  mixture  of  ethoxymethylene- 
malonic  ester  and  acetyiphenylhydrazine  ( Michaelis ,  Remy,  Ber.  40,  1020). 
l-Phenyl-4-hydroxypyrazole-3-carboxylic  acid,  m.p.  154°,  from  the  phenyl- 
hydrazone  of  y-bromoacetoacetic  ester,  forms  1 -phenyl -4 -pyrazolol  on  decar¬ 
boxylation  (p.  98). 

PYRAZOLONE  AZO  DYES.  The  ability  of  phenylmethylpyrazoloncs  (p. 
104)  to  couple  with  diazonium  salts  is  also  possessed  by  other  5-pyrazolones  which 
are  not  substituted  in  the  4-position.  Besides  the  direct  preparation  from  pyrazo¬ 
lones  and  diazonium  salts,  pyrazolone  azo  dyes  are  also  obtained  by  the  reaction 
of  hydrazines  and  benzeneazo  /3-oxo  carboxylic  acid  esters  (from  (3-oxo  carboxylic 
acid  esters  and  diazonium  salts;  cfy benzeneazoacetoacetic  ester)  ( Billow ,  Ber. 
32,  197).  These  dyes  have  been  shown  to  be  azo  derivatives  of  5-pyrazolol 
( v .  Auwers,  Ann.  378,  218) .  Some  of  them  have  considerable  commercial  impor¬ 
tance  (Ger.  Pats.  117575,  1900;  134162,  1900).  The  valuable  yellow  dyestuff, 
tartrcizine,  belongs  to  this  group. 

The  ester  of  l-phenyl-4-benzeneazo-5-hydroxypyrazole-3-carboxylic  acid  (I), 
red,  m.p.  154°,  prepared  from  dioxosuccinic  acid  ester  osazone  (Vol.  I),  is  the 
parent  compound  of  tartrazine  whose  principal  constituent  is  the  trisodium 
salt  of  tartrazinic  acid,  l-(p-sulfophenyl)-4-(p-sulfobenzeneazo) -5-hydroxy  - 
pyrazole -3 -carboxylic  acid  (II) : 


(I)  NC6H6 
/\ 

N  COH 


(II)  NC6H4[4]S03Na 

/\ 

N  COH 


H02C-C— CN:N-C6H5 


Na02C  •  C— CN :  NC6H4  [4]  S03Na 


The  latter  acid  is  also  obtained  from  l-(p-sulfophenyl) -5-pyrazolone -3- 
carboxylic  acid  ( tartrazinogenic  acid )  and  diazobenzenesulfonic  acid,  which  proves 
its  constitution.  Aminotartrazinogenic  acid  is  produced  by  the  reduction  of 
tartrazine  with  zinc  dust  and  water  ( Anschutz ,  Ann.  294,  219;  306,  1;  Gnehm, 
Benda ,  Ann.  299,  100). 


Pyrazolediones 

Rubazonic  acid,  mentioned  on  p.  105,  is  a  derivative  of  4,5-pyrazoledione, 

OC - CH 

OC— NH-N 

Pyrazolidines 

The  derivatives  of  tetrahydropyrazole,  the  pyrazolidines,  generally 
pass  readily  into  pyrazoline  derivatives,  and  therefore  have  reducing 
properties.  The  simplest  pyrazolidine  is  not  known. 

LI2C  •  CH2  •  CII2 

N-Phenylpyrazolidine,  |  |  ,  oil,  b.p.  160°  (20  mm.),  is  obtained 

N(C6H5).NH 

from  trimethylene  dibromide  (Vol.  I,  p.  372)  with  sodium  phenylhydrazine 
{Michaelis,  Lampc,  Ann.  274,  316).  In  the  air  it  oxidizes  to  phenylpyrazoline; 
with  methyl  iodide  and  alkali  it  forms  1 -phenyl -2 -methylpyrazolidine,  b.p.  175- 
180°  (90  mm.).  By  reduction  of  the  corresponding  pyrazolidone  l-phenyl-3- 
methylpyrazolidine  is  obtained  ( Knorr ,  Duden,  Ber.  26,  107) .  1, 3, 5-Triphenyl -2- 

methylpyrazolidine,  m.p.  110°,  is  prepared  by  reduction  of  the  methyl  iodide 
addition  product  of  triphenylpyrazole  with  sodium  and  alcohol. 

3,5-Dimethylpyrazolidine,  (CH3)2C3H4:N2H2,  b.p.  141-143°,  is  formed  to¬ 
gether  with  1,3-diaminopentane  by  electrolytic  reduction  of  acetylacetone  di- 
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oxime,  CH3C(NOH)CH2C(NOH)CH3  ( Tafel ,  Pfeffermann,  Ber.  36,  219).  This 
reaction  corresponds  to  the  formation  of  pinacols  by  reduction  of  ketones. 

PYRAZOLIDINECARBOXYLIC  ACIDS  are  obtained  by  reduction  of  pyrazo- 
iinecarboxylic  acids  ( Buchner ,  Ann.  273,  214),  and  are  more  stable  than  the  lat¬ 
ter.  4-Phenylpyrazolidine-3,5-dicarboxylic  acid,  m.p.  220°  ( Buchner ,  Perkel, 
Ber.  36,  3779). 

OXO  DERIVATIVES  OF  PYRAZOLIDINE.  1.  Pyrazolidones  are  prepared 
from  /3-halogenated  fatty  acids  or  a,/3-olefincarboxylic  acids  with  hydrazines. 
When  phenylhydrazine  is  used,  two  reactions  are  possible,  depending  upon  which 
amine  group  of  the  hydrazine  reacts  with  the  carboxyl  group  of  the  acid : 


nh2.nhc«Hb  CH3CH-CH2-CO 

(a)  CHgCH :  CHCOOH  - >  |  | 

NH - NC6H5 

NH2.NHCaH6  CH3CH •  CH2 •  CO 

(b)  CH3CHBr  •  CH2COOH - >  |  | 

C6H5N  . -  NH 


l-Phenyl-3- 

methyl-5- 

pyrazolidone 

l-Phenyl-5- 

methyl-3- 

pyrazolidone 


The  resulting  isomers  differ  in  that  the  5-pyrazolidone  derivative  is  completely 
basic,  while  the  3-pyrazolidone  derivative  shows  acid  characteristics  also.  Pyraz¬ 
olidones  are  readily  oxidized  to  pyrazolones;  on  reduction  wTith  sodium  and  alco¬ 
hol  they  are  partially  converted  to  pyrazolidines  (see  above) . 

Pyrazolidone,  dx) •  CH2 •  CH2 •  NH •  NH ,  m.p.  133-135°,  from  acrylic  acid  and 
hydrazine,  is  solely  a  base;  it  oxidizes  readily  to  pyrazolone  ( Rothenburg ,  J.pr. 
51,  73) .  1 -Phenyl -5 -pyrazolidone,  m.p.  78°,  from  /3-halogenopropionic  acid  with 

sodium  formylphenylhydrazine,  or  from  acrylic  acid  with  phenjdhydrazine  in 
toluene  solution  ( Slolz ,  Ber.  28,  626),  has  only  basic  properties  and  oxidizes  to 
l-phenyl-5-pyrazolone,  m.p.  118°  (p.  104).  The  isomeric  1 -phenyl -3 -pyrazoli¬ 
done,  6h2  •  CH2  •  CO  •  NH  •  NC6H6,  m.p.  119-121°,  from  /3-halogenopropionic  acid 
with  phenylhydrazine  or  from  as-/3-phenylhvdrazinopropionic  acid  ester  (G.  P. 
53834,  1889),  has  acid  properties  as  well  as  basic;  it  oxidizes  to  1 -phenyl -3- 
pyrazolone  ( Harries ,  Loth,  Ber.  29,  517).  1 -Phenyl -3 -methyl-5-pyrazolidone, 

m.p.  84°,  b.p.  321°,  from  crotonic  acid  and  phenylhydrazine,  or  from  s-/3- 
phenylhydrazinobutyric  acid  (Ger.  Pat.  74858,  1893),  is  a  base  and  oxidizes 
readily  to  l-phenyl-3-methyl-5-pyrazolone;  methylation  converts  it  to  1-phenyl- 
2,3 -dime thylpyrazolidone,  hydroantipyrine ,  m.p.  146°,  which  cannot  be  oxidized 
to  antipyrine  ( Knorr ,  Duden,  Ber.  26,  103).  1 -Phenyl -5-methyl -3 -pyrazolidone, 

m.p.  128°,  from  as- /3-phenylhydrazinobutyric  acid,  has  both  acidic  and  basic  prop¬ 
erties;  it  oxidizes  to  1 -phenyl -5-methyl -3-pyrazolone  (p.  108).  l-Phenyl-5,5- 
dimethyl -3 -pyrazolidone,  m.p.  110°,  from  chloroisovaleric  acid,  and  l-phenyl-3 ,3- 
dimethyl -5 -pyrazolidone,  m.p.  75°,  from  dimethyl acrv lie  acid  and  phenylhydra¬ 
zine;  the  1,5,5,3-acid  is  split  by  boiling  barium  hydroxide  solution  to  benzene- 
azoisovaleric  acid,  C6H5N:N -C(CH3)2CH2COOH  {M  or  demartini,  Ga.zz.  27,  II, 
368;  Prentice,  Ann.  292,  284).  1,5 -Diphenyl -4 -hydroxy -3-pyrazolidone, 


C5H5N -NH -CO -CH(OH) -CHCeHs,  m.p.  173°,  is  prepared  by  heating  sodium 
phenylglycidate  with  phenylhydrazine.  When  heated  alone  or  with  ZnCl2  it 
forms  l,5-diphenyl-3-pyrazolone  (p.  108),  water  being  eliminated  {Japp,  Mait¬ 
land,  J.  85,  1490). 

2.  Pyrazolidinediones  are  cyclic  hydrazides  of  malonic  acids:  3,5-Pyrazoli- 


dinedione,  malonohy  dr  azide,  CO-CH2-CONHNH,  oil,  from  malonic  ester  and 
hydrazine  {Rothenburg,  J.pr.  51,  43).  1 -Phenyl -3, 5-pyrazolidinedione,  phenyl- 

malonohy  dr  azide,  m.p.  192°,  from  the  ethyl  ester  of  malonic  acid  monophenylhy- 
drazide  {Michaelis,  Burmeister,  Ber. 25,  1506),  from  malonic  acid  ester,  phenylhy¬ 
drazine  and  sodium  ethylate  {Conrad,  Zart,  Ber.  39,  2282)  and  from  a  mixture  of 
malonic  acid  and  acetylphenylhydrazine  with  PC13  {Michaelis,  Schenk,  Ber.  40, 
3568) ,  is  apparently  a  phenylhydroxypyrazolone ;  with  POCl3  it  gives  1  -phenyl- 3- 
chloro-5-pyrazolone ,  m.p.  144 p,  and  phenyl dichloropyrazole  (p.  96;  Michaelis, 
Rohmer,  Ber.  31,  3003).  1 -Phenyl -4, 4-dimethyl -3, 5-pyrazolidinedione,  m.p. 

176°,  from  dimethylmalonic  acid,  acetylphenylhydrazine,  and  PC13  {Michaelis, 
Schenk,  Ber.  40,  3569;  41,3865). 
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2.  INDAZOLES 


As  the  indoles  are  benzo  derivatives  of  the  pyrroles,  so  the  indazoles 
are  benzo  derivatives  of  the  pyrazoles. 

The  question  of  the  constitution  of  unsubstituted  indazole  must  be 
left  open,  since  the  imine  hydrogen,  as  in  monocyclic  pyrazoles,  seems 
to  oscillate  between  the  two  nitrogen  atoms.  The  following  structural 
formula  for  indazole  indicates  this: 


/\ 


H 


CH 

I 

N 


Two  series  of  N -alkylindazoles  are  known;  their  structure  is  deter¬ 
mined  unequivocally  by  their  manner  of  preparation.  The  1  -alkyl- 
ox  arylindazoles  (preparation,  pages  114  jf.)  correspond  to  formula  I, 
while  for  the  isomeric  2-alkyl-  or  arylindazoles  (preparation,  p.  114) 
formula  Ila  or  formula  lib  is  possible.  Several  derivatives  of  inda¬ 
zole,  such  as  indiazone  oximes  (p.  116)  and  diazoindazoles  (p.  116),  are 
derived  from  the  indiazene  form  (formula  III),  corresponding  to  the 
indolenine  form  of  indole: 


[4] 


(I) 


1-Alkylindazoles 
(formerly  called 
isoindazoles) 


(Ha) 
Clk 


(Hb) 

CH 


V\ 


,NR 


NR 


N' 


w/ 

N 


2-Alky  lindazoles 


(HI) 

CH2 


Indiazene 


While  the  constitution  of  1-alkylindazoles  is  certain,  it  is  difficult 
to  choose  between  Ila  and  lib  for  2-alkylindazoles.  Spectroscopic 
data  point  to  formula  Hb  ( v .  Auwers,  Ann.  437,  70).  With  formula 
lib  the  2-alkylindazoles  are  analogous  to  naphthalenes  ( v .  Auwers, 
Fruhling,  Ann.  422,  192,  206;  v.  Auwers,  Krollpfeiffer,  Ann.  430,  230). 
In  view  of  the  several  remarkable  methods  for  synthesizing  this  ring, 
the  indazole  ring  system  is  one  of  the  most  interesting  of  the  hetero¬ 
cyclic  series. 


Indazoles  are  prepared :  (1 )  From  the  o-hydrazinocinnamie  acids  by  heating 

( E .  Fischer,  Tafel,  Ann.  227 ,  303) : 


C6H4' 


CH=CH  •  COOH 
NH— NH2 


o-Hydrazinocinnamic  acid 


•N  +  CH3COOH 


Indazole 


It  is  noteworthy  that  a  lactam -like  anhydride  of  hydrazinocinnamic  acid  is  not 
formed  in  this  reaction;  such  a  compound  would  contain  a  seven -membered  ring. 
Gentle  oxidation  of  o-hydrazinocinnamic  acid  gives  3-indazoleacetic  acid  (see 
p.  117). 
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(2)  o-Hydrazinobenzoic  acid  is  converted  when  heated  with  POCl3  under 
pressure  to  3-chloroindazole,  which  is  reduced  to  indazole  by  zinc  and  hydrochloric 
acid  ( Fischer ,  Seuffert,  Ber.  34,  796) : 


/COOH 

C6H4< 

xnhnh2 


( 3 )  Indazoles  are  obtained  by  splitting  off  water  from  o-hydrazinoacetophe- 
nones  or  o-hydrazinophenylglyoxylic  acids : 


C6H4< 

\ 


/CO  •  COOH  /  C\-COOH  /COCH3 

C6H4<  >N  ;  C6H4< 


nh-nh2 


\n/ 

If 


xnhnh2 


/C(CH3)n 
c6hZ  >n 

\  N  ^ 

"  H 


(4)  Indazoles  are  also  formed  from  o-methyldiazobenzenes  ( Michel ,  Grand- 
mougin,  Ber.  26,  2349;  Bamberger,  Ann.  305,  289) : 


/CHs 

C6H4< 

xN2OH 


o-Toluenediazo- 

hydroxide 


■» 


H 

Indazole 


<- 


/CH3 

c6h4< 

xN:N-NHC7H7 


o-Toluene- 

diazotoluide 


A  large  number  of  indazoles  substituted  in  the  benzene  nucleus  have  been  ob¬ 
tained  by  this  method.  The  diazohydroxide  from  o-toluidine  when  boiled  in  acid 
solution  gives  only  o-cresol,  but  in  neutral  solution  it  forms  3-tolueneazoindazole 
and  a  little  indazole ;  substituted  benzeneazoindazoles  are  usually  obtained  in  the 
decomposition  of  o-methylated  diazobenzenes  in  strongly  alkaline  solution,  in 
which  the  indazole  produced  couples  with  the  diazo  compound  which  has  not  yet 
decomposed.  Only  the  diazo  compounds  from  nitrated  o-methylanilines  react 
immediately  to  give  indazoles,  which  are  obtained  in  good  yield  by  boiling  these 
compounds  with  mineral  acids  or  by  treating  them  with  glacial  acetic  acid  ( Noel - 
king,  Ber.  37,  2556).  If  o-aminobenzaldoximes  are  diazotized,  indiazone  oximes 
are  formed;  these  are  readily  isomerized  by  water  or  alkali  to  o-triazobenzalde- 
hydes  ( Bamberger ,  Demuth,  Ber.  34,  1309) : 


/CH:NOH 

C6H4< 

xN2OH 

o-Diazobenzaldoxime 


/Cf=NOH 

-  c*h<n>  - 
Indiazone  oxime,  m.p.  160c 


/CHO 

->  c6h4< 
xn3 

o-Triazobenzaldehyde 


(5)  Indazoles  are  produced  smoothly  from  the  nitroso  derivatives  of  acylated 
o-methylanilines  by  warming  in  benzene  solution  ( Jacobson ,  Huber,  Ber.  41,  660) : 


/CH3 

c6h4< 

xN(NO)COC6H5 


•N  +  C6H5COOH 


The  following  syntheses  give  1-alkyl-,  1-aryl-  or  1-acylindazPles: 

( 1 )  From  o-as-alkylhydrazinocinnamic  acids  or  o-as-alk}dhydrazinaceto- 
phenones : 


CH :  CH  •  COOH 


c6h/ 

xNR-NH2 


/CH^ 

->  C6H4<  >N; 

XNR/ 


c6h4. 


co-ch3 


/C(CH3); 

c6h4<  n 

x— NR- 


NRNH2 
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(2)  1-Acylindazoles  can  be  obtained  from  certain  acylated  o-aminobenzaldox- 
imes  or  ketoximes  with  alkali  carbonate  (v.  Auwers,  Ber.  58,  2081;  v.  Auwers , 
Frese,  Ann.  450,  273) : 


/CH :  N  •  O  •  CO  •  C6Hb 

c6h4< 

\NH-CO-CH* 


/CH 
C6H4<  \>n 

xNCO-CH3 


(8a)  From  the  phenylhydrazones  of  aromatic  carboxyl  compounds  which 
contain  several  nitro  groups,  such  as  the  phenylhydrazone  of  o,p-dinitrophenyl- 
glyoxylic  acid  ester,  which  gives  1-phenylnitroindazole -3  -carboxylic  acid  ester 
(Meyer,  Ber.  22,  319) : 

/C(C02R):N 

N02-C6H3<  |  +  KOH  = 

XN02  NHC6H6 

yC(C02R)x 

N02-C6H3<  >N  +  N02K  4-  H20 

xN(C6H6)/ 

(8b)  By  a  similar  conversion  l -benzoyl-5 -nitroindazole  is  formed  from  the 
benzoylhydrazone  of  2-chloro-5-nitrobenzaldehyde,  HC1  being  eliminated 
(M eisenheimer ,  Senn,  Ber.  59,  199). 

Indazoles  having  an  alkyl,  aryl  or  acyl  group  in  the  2 -position  are  prepared  by 
the  following  methods : 

(a)  By  reduction  of  o-nitrobenzylanilines  (Vol.  Ill,  p.  262)  2-phenylindazoles 
are  formed  (Paal,  Ber.  24,  961;  Busch,  Ber.  27,  2899) : 


/CH2— NHC6H5 
C6H4< 

xN02 


H  .CH. 

- >  C6H4C  >NC6H5 


N  x 


(b)  2-Phenylindazole  is  also  obtained  from  o-benzeneazobenzyl  alcohol  by 
treatment  with  50%  sulfuric  acid  (literature:  Bamberger,  Ber.  44,  1967) : 


ch2oh* 


H2S04 


V 


— N:N-C«HS 


CH\ 


N-C6H5 


N 


(c)  By  an  unusual  reaction  Rz-chlorinated  2-phenylindazole  is  produced  by 
the  action  of  PC15  on  o-benzeneazobenzoic  acid  instead  of  the  expected  acid 
chloride  (literature:  Bamberger,  Ber.  44,  1967). 

Properties. — The  indazoles  are  usually  crystalline,  slightly  basic  compounds, 
but  they  also  form  salts  with  metals :  Ag,  Na  (v.  Auwers,  Schaich,  Ber.  54,  1750) . 
They  are  quite  resistant  to  oxidation;  chromic  acid  splits  2-phenylindazole  to 
azobenzenecarboxylic  acid .  Hydroindazoles  are  formed  writh  difficulty .  The  free 
imine  group  is  readily  alkylated  and  acylated .  Alkylating  agents  convert  indazole 
to  N-alkylindazoles  and,  with  an  excess  of  alkyl  halide,  to  indazolium  compounds. 
The  type  of  N-alkyl  derivative  formed  (whether  1  -alkyl  or  2-alkylindazole) 
depends:  (1)  on  the  method  of  alkylation,  (2)  on  the  nature  of  the  alkyl  halide, 
and  (3)  on  the  temperature  (v.  Auwers,  Schaich,  Ber.  54,  1738).  When  indazole 
is  heated  directly  with  alkyl  halides  2-alkyl  derivatives  are  formed  preferentially. 
Pure  1-alkylindazoles  are  obtained  also  by  ring -synthesis  (p.  113).  For  acyl- 
indazoles,  see  below.  Indazole  and  the  Rz-substituted  indazoles  couple  with 
diazobenzenes  to  give  benzeneazoindazoles,  and  with  benzaldehyde  to  give 
benzylidene-6is-indazole,  C6H5CII(C7H5N2)2. 

Indazole  is  nitrated  by  concentrated  HNO3  to  5-nitroindazole  (see  below) ;  it  is 
sulfonated  by  fuming  sulfuric  acid  (v.  Auwers,  Kleiner,  J.pr.  118,  67).  With 
NaN02  indazole  gives  nitrosoindazole,  m.p.  74°.  For  the  action  of  halogens  on 
indazoles,  see  halogen  derivatives  of  indazole. 

INDAZOLE,  m.p.  146°,  b.p.  270°,  is  prepared  from  its  carboxylic  acid  (p. 
117),  from  o-hydrazinocinnamic  acid,  from  chloroindazole,  from  benzoyl-o- 
tolylnitrosamine,  from  o-toluenediazonium  chloride  with  aqueous  sodium  liydrox- 
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ide  (p.  113),  and  from  o-aminobenzaldehyde  by  diazotization  (Eliasbcrg,  Fried - 

/N - V 

lander,  Ber.  25,  1754) .  2-Indazolol,  CeH^  ;>NOH,  m.p.  139°,  strongly 

acid,  from  o-azidobenzaldoxime  (Vol.  Ill,  p.  331)  by  boiling  with  aqueous  so¬ 
dium  hydroxide,  is  reduced  to  indazole  with  zinc  and  hydrochloric  acid  (Bamberger , 
Demuth,  Ber.  35,  1891). 

N-ALKYLINDAZOLES.  2  -  Alky  lind  azoles  are  stronger  bases  and  boil  at  a 
higher  temperature  than  1-alkylindazoles  (v.  Ameers,  Diiesberg,  Ber.  53,  1179; 
v.  Ameers,  Ffuhl,  Ber.  58,  1363) .  The  picrates  of  the  2-alkylindazoles  melt  higher 
than  those  of  the  isomeric  1-alkylindazoles. 

1-Methylindazole,  m.p.  60°,  b.p.  231°,  from  indazole  and  methyl  iodide  in  the 
presence  of  sodium  methylate  (v.  Auwers,  Diiesberg,  Ber.  53,  1196).  2-Methyl- 
indazole,  m.p.  56°,  b.p.  261  °,  from  indazole  and  methyl  iodide  or  by  decarboxyla¬ 
tion  of  2-meth3rlindazole-3 -carboxylic  acid  (v.  Auwers,  Diiesberg,  Ber.  53,  1196). 

1 - Ethylindazole ,  b.p.  127°  (21  mm.).  2-Ethylindazole,  m.p.  30°,  b.p.  268°. 

2- Propylindazole,  m.p.  29°,  b.p.  144°  (14  mm.)  (v.  Auwers,  Pfuhl,  Ber.  58,  1360). 
1-Benzylindazole,  m.p.  64.5°,  b.p.  193°  (15  mm.).  2-Benzylindazole,  m.p.,  71°, 
b.p.  219°  (15  mm.)  ( Fischer ,  Blochmann,  Ber.  35,  2318). 

OTHER  ALKYLIND  AZOLES.  7-Methyl-,  5-methyl-  and  5,7-dimethyl  - 
indazole  (for  the  numbering,  see  p.  112),  m.p.  138°,  115°  and  134°,  are  obtained 
from  the  xylidines  and  from  mesidine  by  method  4  or  «5  (Bamberger,  Ann.  305, 
308,363;  Jacobson,  Huber,  Ber.  41 ,  666) .  3-Methylindazole,  m.p.  113°,  b.p. 
281  °,  from  o-hydrazinoacetophenone,  reacts  with  acetyl  chloride  to  give  2-acetyl- 

3- methylindazole,  m.p.  72°  (v.  Auwers,  v.  Mayenburg,  Ber.  24,  2380),  and  with 
methyl  iodide  to  give  2,3-dimethylindazole,  m.p.  80°.  1,3-Dimethylindazole, 
m.p.  36°  (v.  Auwers,  Diiesberg,  Ber.  53,  1202).  2-Phenylindazole,  m.p.  84°, 
b.p.  345°,  is  formed  from  o-nitrobenzylaniline  by  reduction  (see  above)  (v.  Auwers, 
Strodter,  Ber.  59,  535),  and  from  o-benzeneazobenzyl  alcohol  by  heating  with 
H2SO4  (see  above) . .  2-Phenylindazole  is  oxidized  by  C1O3  to  azobenzenecar- 
boxylic  acid;  it  forms  a  methyl  iodide  addition  product,  m.p.  188°  (Paul,  Ber. 
24,  3058;  Paal,  Liicker,  Ber.  27,  48).  3-Phenylindazole,  m.p.  108°  (116°),  is 
obtained  by  reduction  of  o-diazobenzophenone  (v.  Auwers,  Ber.  29,  1265;  v. 
Auieers,  Hiiltenes,  Ber.  55,  1113;  v.  Auwers,  Schaum,  Ber.  62,  1671). 

N-ACYLINDAZOLES.  Direct  acylation  of  indazole  usually  produces  both  1- 
and  2-acylindazoles  (v.  Ameers,  Ber.  52,  1331;  Ann.  450,  273;  M eisenheimer , 
Diedrich,  Ber.  57,  1715).  Pure  1-acylindazoles  are  obtained  by  ring -synthesis 
according  to  equations  2  and  3b  on  p.  114.  2-Acylindazoles  are  best  prepared  by 
acylation  of  indazoles  at  moderate  temperatures  or  by  acylation  of  their  silver 
salts  (v.  Auwers,  Ber.  58,  2081) .  The  labile  2 -acyl  derivatives  rearrange  readily 
to  1-acyl  derivatives  (v.  Auwers,  Demuth,  Ann.  451,  282) ;  the  principal  cause  of 
this  wandering  of  the  acyl  group  is  the  tendency  of  the  o-quinoid  system  (formula 
lib,  p.  112)  to  pass  into  the  benzenoid  system  (formula  I,  p.  112). 

1-Acetylindazole,  m.p.  42°  (v.  Auwers,  Frese,  Ann.  430,  289).  2-Acetylinda- 
zole,  m.p.  106°.  1-Benzoylindazole,  m.p.  93°,  according  to  equation  2  (p.  114). 
1 -Acetyl -5, 7-dimethylindazole,  m.p.  72°,  by  isomerization  of  the  2-acetyl  deriva¬ 
tive,  m.p.  117°  (v.  Auwers,  Ernecke,  Wolter,  Ann.  478,  156).  4-,  5-,  6-,  7- 

Nitroindazole,  m.p.  203°,  208°,  181°,  187°,  from  the  diazo  derivatives  of  the 
nitro-o-toluidines  (see  above).  1,3 -Diphenyl -5-nitroindazole,  m.p.  181°,  from 
the  phenylhydrazone  of  2-chlorobenzophenone  (Anschutz,  Ann.  454,  112). 

INDAZOLIUM  COMPOUNDS.  These  quaternary  ammonium  compounds 
are  formed  by  heating  N-alkylindazoles  with  alkyl  halides  at  100°  (bomb). 
Their  behavior  indicates  that  they  have  the  formula: 


/CH\  n+ 

c6h4<  j>nr 


NR 


I" 


Thus  1 -methyl-  and  2-methylindazole  give  the  same  dimethvlindazolium  iodide 
with  methyl  iodide,  and  two  isomeric  indazolium  compounds  with  other  alkyl 
halides. 

When  heated  over  the  melting  point  the  indazolium  compounds  decompose 
to  alkyl  halides  and  N-alkylindazoles.  Generally  1-alkylindazoles  result,  unless 
the  alkyl  group  in  the  2-position  is  attached  much  more  firmly.  (Tables  of  the 
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decomposition  products:  v.  Auwers,  Pfuhl,  Ber.  58,  1362;  v.  Auwers,  Duster- 
dick,  Kleiner,  Ber.  61,  101.) 

1,2-Dimethylindazolium  chloride,  m.p.  137°;  bromide,  m.p.  113°;  iodide, 
m.p.  187°.  l-Methyl-2-ethylindazolium  chloride,  m.p.  186°;  bromide,  m.p. 
197°;  iodide,  m.p.  173°.  (Other  indazolium  compounds:  v.  Auwers,  Pfuhl, 
Ber.  58,  1367.) 

3-AZO,  AMINO-  and  DIAZOIND AZOLES.  3-Azo  derivatives  of  the  inda- 
zoles  are  prepared  by  the  action  of  alkaline  diazo  solutions  on  the  indazoles;  they 
are  also  formed  together  with  indazoles  by  the  reaction  of  o-methylated  diazonium 
salts  with  alkali  (see  p.  113,  method  4).  3-Benzeneazoindazole,  C7H5N2- 
(N:NC6H3),  orange-yellow  needles,  m.p.  191°.  3-Tolueneazoindazole,  m.p. 
211°,  from  o-diazotoluene.  3-Mesityleneazodimethylindazole,  m.p.  258°,  from 
diazomesidine.  3-(Nitromethylbenzeneazo) -nitroindazole,  see  Noelting,  Ber. 
37,  2579. 

On  reduction  these  azo  compounds  are  split  to  primary  aromatic  amines  and  3- 
aminoindazoles.  3-Aminoindazole,  C7H5N2(NH2),  m.p.  154°,  is  also  obtained 
from  o-aminobenzonitrile  by  diazotization  and  subsequent  reduction,  by  rear¬ 
rangement  of  the  o-cyanophenylhydrazine  first  formed  ( Reissert ,  Grube,  Ber.  42, 
3716).  5-Methyl-  and  5,7-dimethyl-3-aminoindazole,  m.p.  191°  and  151°. 
With  nitrous  acid  the  aminoindazoles  form  relatively  stable  diazonium  hydroxides : 
C7H5N2(N2OH) ,  etc.,  which  are  converted  by  elimination  of  water  to  more  stable 
inner  anhydrides,  the  indazoletriazolenes  (I).  Indazoletriazolene,  3 -diazoinda- 
zole,  yellow  needles,  m.p.  106°;  the  latter  couple  readily  with  phenols  and  naph- 
thols  to  give  hydroxyazo  dyes;  with  the  hydrogen  halides  they  give  3- 
halogenoindazoles.  5-Aminoindazole,  m.p.  181°  (Fries,  Ann.  454,306,310); 
l,3-diphenyl-5-aminoindazole,  hydrochloride  m.p .  312°,  both  from  the  correspond¬ 
ing  nitro  compounds.  When  the  aminoindazoles  are  oxidized  with  hydrogen 
peroxide,  bichromate  or  the  like  in  acid  solution,  4-oxo-3,4-dihydro-l,2,3-benzo- 
triazines,  benzazimides  (II),  are  formed  ( Bamberger ,  Ann.  305,  289;  Ber.  32, 
1773,  1797;  Hantzsch,  Ber.  35,  892) : 


In  alkaline  solution  the  aminoindazoles  are  oxidized  even  by  the  oxygen  of  the 
air  to  azoindazoles :  Azoindazole,  (C7H5N2)N:N(C7H5N2),  dark  red  needles, 
m.p.  229°  ( Bamberger ,  Wildi,  Ber.  39,  4276). 

HALOGEN  DERIVATIVES  OF  INDAZOLES .  Indazole  is  readily  substituted 
by  chlorine  and  bromine.  The  principal  products  are  3,5-dihalogenoindazoles; 
when  the  silver  salt  of  indazole  is  used,  3 -monohalogen ated  derivatives  are  ob¬ 
tained.  5-Monohalogen  derivatives  result  from  the  action  of  chlorine  and  bro¬ 
mine  on  acetylindazole  (v.  Auwers,  Lange,  Ber.  55,  1148). 

3-Chloroindazole,  m.p.  148°,  from  diazoindazole  (see  above)  with  hydrochloric 
acid,  from  o-hydrazinobenzoic  acid  by  heating  with  POCl3  under  pressure  or  from 
the  Ag  salt  of  indazole  by  chlorination  ( v .  Auwers,  Lange,  Ber.  55,  1158);  the 
chlorine  atom  is  very  firmly  attached.  3-Bromoindazole,  m.p.  142°  (ibid.,  p. 
1165);  3-iodoindazole,  m.p.  142°.  5-Chloroindazole  exists  in  two  forms,  m.  p. 
120°  and  144°.  5-Bromoindazole,  m.p.  125°  and  133°.  For  other  mono-  and  di- 
halogenoindazoles,  see  v.  Auwers,  Lange,  Ber.  55,  1157  ff. 

/C(OLI)v 

2-Phenyl-3-indazolol,  CeH4<f  |  >NC6H5,  m.p.  218' 

\n - / 

benzeneazobenzaldehyde  acetal,  C6H5N:NC6H4CH(OCH3)2, 
with  dilute  sulfuric  acid 


is  prepared  from  0- 


by  saponification 

( Freundler ,  de  Laborderie,  Bull.  [IV],  1,  234).  2-o- 

/C(OII)v 

Carboxyphenyl-3-indazolol,  C6H4<(  I  >NC6H4[2]COOF,  m.p.  228°,  is  ob- 

\n - / 


tained  in  the  form  of  its  lactone,  m.p.  295°,  by  the  action  of  POCl3  on  o-hydrazo- 
benzoic  acid  ( Carri ,  Cbr.  143,  54),  or  from  2,2'-azoxybenzaldehyde  by  boiling 
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with  glacial  acetic  acid  ( Bamberger ,  Lublin,  Ber.  42,  1706).  6-Indazolol,  m.p. 
215-216°,  from  the  corresponding  nitroindazole  {Witt,  Noelting,  Grandmougin, 
Ber.  25,  3152). 

INDAZOLE  KETONES.  3-Benzoylindazole,  m.p.  189°,  from  3-cyanoinda- 
zole  and  C6H5MgBr  {Meisenheimer,  Diedrich,  Ber.  57,  1719) ;  also,  3-acetyl- 
indazole,  m.p.  182°. 

INDAZOLECARBOXYLIC  ACIDS.  1-Indazolecarboxylic  acid  ethyl  ester, 
b.p.  156°  (10  mm.),  from  indazole  and  chloroformic  ester  {v.  Auwers,  Frese,  Ann. 
450,  273).  3-Indazolecarboxylic  acid,  m.p.  295°  (dec.),  is  prepared  from  o- 
hydrazinophenylglyoxylic  acid,  which  is  obtained  from  isatinic  acid,  thus  consti¬ 
tuting  a  transition  from  the  indole  to  the  indazole  series  ( Schad ,  Ber.  26,  217) ; 
its  nitrile,  m.p.  140°,  is  produced  by  the  action  of  nitrous  acid  on  o-amino-a- 
tolunitrile  ( Pschorr ,  Hoppe,  Ber.  43,  2544).  The  indazolecarboxylic  acid  de¬ 
composes  on  heating  into  indazole  and  C02.  N-Alkyl  derivatives  of  3-indaz  ole- 
carboxylic  acid:  v.  Auwers,  Dereser,  Ber.  52,  1340. 

3-Indazoleacetic  acid,  m.p.  169°  (dec.),  is  prepared  by  mild  oxidation  of  o- 
hjrdrazinocinnamic  acid;  when  heated  it  yields  3-methylindazole  and  C02. 

1,3 -Indazole  dicarboxylic  acid  dimethyl  ester,  m.p.  175°  (v.  Auwers,  Strodter, 
Ber.  59,  537),  from  3 -indazolecarboxylic  acid  methyl  ester  and  chloroformic  acid 
methyl  ester. 

/CH2x 

INDAZOLINES.  2-Phenylindazoline,  C6H4<  >NC6H5,  m.p.  138°,  is 

\NKK 


formed  by  reduction  of  phenylindazole  with  Na  and  alcohol,  and  is  reconverted 
to  the  indazole  by  mild  oxidation  (FeCl3) ;  Rz-nitro-l-phenylindazoline-3-car- 
boxylic  acid,  m.p.  235°,  by  similar  reduction  of  phenylnitroindazolecarboxylic 
acid  ( Schulhofer ,  Ann.  264,  149). 

Products  which  appear  to  be  benzo-  and  naphthodihydropyrazoles  are  obtained 
by  the  reaction  of  quinones  with  diazomethane.  From  benzoquinone  and  diazo¬ 
methane  a  very  stable  compound  is  formed  tvhich  seems  to  have  the  formula: 
/CHv  /CH\ 

Ny  ;>C6H402<(  y-N.  1’,4-Naphthoquinone  and  naphthazarin  give  these 

\NH/  \NH/ 


L CH\  1 CH\ 

naphthopyrazoles :  CioEUOn  yN  and  Ci0H4(OH)2Ok  y>N.  The  tri- 

(nh/  (nh/ 

acetyl  derivative  of  the  latter  compound  is  oxidized  by  nitric  acid  to  4:,5-j)yrazole- 
dicarboxylic  acid  (p.  100) .  Similar  products  are  obtained  from  diazomethane  and 
trinitrobenzene  or  picric  acid  (v.  Pechmann,  Seel,  Ber.  32, 2292;  v.  Pechmann,  Ber. 
33,627). 

3-Indazolone,  benzopyrazolone,  is  the  inner  anhydride  or  lactazam  of  o-hydra- 

/COv 


zinobenzoic  acid,  CeH4< 


NH 


-NH  {Spring,  Ann.  213,  333; 


cf.  Thode,  J.pr.  69, 


94).  1-Phenylindazolone,  C7H5ON2(C6H5),  m.p.  209°,  from  o-aminobenzoyl- 
phenylhydrazine  with  N203  {Konig,  Reissert,  Ber.  32,  782).  7-Nitro-2-phenyl- 
3-indazolone,  from  3-nitro-2-phenylhydrazinobenzoic  acid  ester  {Rupe,  Ber.  30, 
1100). 

A  general  method  for  the  preparation  of  1 -alkyl-  or  l-aryl-3-indazolones  has 
been  devised  by  StolU  (J.pr.  116,  192) .  It  consists  in  the  rearrangement  of  N,N- 
arylalkylcarbamic  acid  azides  RR'N -CON3  into  1 -alkyl-3 -indazolones  by  elimi¬ 
nation  of  nitrogen  under  the  influence  of  heat : 


/\  Ns 

I 

v  CO 

VV 

N(CH3) 


Heat 


/\  N: 

CO 

N(CH3). 


/N 


CO 

II 

N 


N(CHs) 


I 

CH, 


1 -Methyl-3 -indazolone,  m.p.  154°;  1-etliylindazolone,  m.p.  134°.  (Others: 
Stolle,  J.pr.  117,  185). 
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4,5,6,7-TETRAHYDROINDAZOLES  have  been  obtained  by  Wallach  (Ann. 
329,  109)  by  the  action  of  hydrazine  or  semicarbazide  on  the  hydroxymethylene 
derivatives  of  hydroaromatic  ketones  (c/.  v.  Auwers,  Buschmann,  Heidenreich , 
Ann.  435,  277): 


H 


H2 

h2 


H 

*H/C:0 

+ 


v 

H2 


:0 


H 

.N-CO-NH2 


H 

C-OH 


h2n 


W" 

N 


H 

N-CO-NH2 


H 


h2 


H: 


N-CO-NH2 


H2  N 


4,5,6,7-Tetrahydreindazols,  m.p.  84°,  b.p.  151°  (14  mm.)  (v.  Auwers,  Busch- 
mann,  Heidenreich,  Ann.  435,  303) ;  picrate,  m.p.  156°  {ibid.,  p.  277) ;  for  other 
derivatives,  see  v.  Auwers,  v.  Bass,  Willekindt,  Ann.  444,  209;  v.  Auwers,  Conrad, 
Ernecke,  Ottens,  Ann.  469,  57. 

This  class  of  compounds  also  includes  the  dicyclic  pyrazolone  derivatives  ob¬ 
tained  from  cycloketone- /3 -carboxylic  acid  esters,  such  as  oxocyclopentane-  and 
oxocyclohexane-2-carboxylic  acid  esters,  and  camphocarboxylic  acids  esters  (Vol. 
II,  p.  294),  with  phenylhydrazine: 


CH2  •  CH2  •  CH  •  COv  /CH2  •  CH  •  COv 

|  |  >N -Cells,  CH<  |  '  >N  C6H5, 

CH2  •  CH2  •  C=N/  XCH2  •  C=NX 

yC - COv 

C6H14<  II  >NH 

xC-N(C6H5)/ 

Camphoroxalic  acid  ester  and  phenylhydrazine  give  phenylcamphopyrazole- 
carboxylic  acid  ester  (cf.  Wahl,  Ber.  32,  1987;  Dieckmann,  Ann.  317,  27). 

/C°\  /CO\ 

Dihydrobenzodipyrazolone,  HN  C6H4  .  NH,  m.p.  257°,  is  pre- 

Nmh/ 

pared  from  succinylsuccinic  acid  ester  and  hydrazine  {v.  Rothenburg,  Ber.  27,  472). 

N,N'  -  Diphenyldicarboxybenzodipyrazolone,  (HOOC)2C6(  >NC6II5  )2, 

\— NH/  ) 

from  hydroquinonetetracarboxylic  acid  ester  and  phenylhydrazine  [Nef,  Am. 
Chem.j.  12  (1890),  379]. 

3.  ISOXAZOLES 

[8]  HC - CH  [T] 

II 4  3 II 

[a]  IIC  5  ,  2  N 

xo/ 


The  isoxazole  ring  is  a  furan  ring  in 

which  one  of  the  methine  groups 

adjacent  to  the  0  is  replaced  by  N. 

It  resembles  the  pyrazole  ring 

more  closely,  as  may  be  seen  by  a  comparison  of  the  two  structural 

formulas : 

HC— CII 

HC— CH 

II  II 

11  II 

HC  N 

HC  N 

v 

V/ 

0 

NH 

Isoxazole 

Pyrazole 

This  similarity  is  also  apparent  in  their  synthesis.  ( 1 )  As  the 
pyrazoles  are  obtained  from  the  hydrazones  of  /3-dioxo  compounds,  so 
the  isoxazoles  are  prepared  from  the  monoximes  of  /3-diketones  and 
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/3-oxoaldehydes  or  hydroxymethvlene  ketones  by  elimination  of  water 
(■ Claisen ,  Ber.  24,  3900) : 


C6H5-C— ch2— co-c6h5 

■ - > 

N— OH 

Benzoylacetophenone  monoxime 


C6H5-C—CH=C- C6II5 

II  I 

N - O 

3,5-Diphenylisoxazole 


{2)  Isoxazoles  are  formed  from  propiolaldehydes  and  hydroxylamine 
( Claisen ,  Ber.  36,  3665;  44,  1161;  Moureu,  Delange,  C.r.  138,  1339): 


CHO  NH2  CH :  N— v  CH=NOH  CH=N - x 

I  +1  - >  I  >0;  |  - >  I  >0 

C=CH  OH  CH:CH/  C :  CC6H6  CH:C(C6H6K 

Similarly  acyl  acetylenes  and  phenylhydrazine  give  3,5-disubstitu.ted  isoxazoles 
{Moureu,  Brachin,  C.r.  137,  795.;  139,  294). 

With  imsymmetric  dicarbonyl  compounds,  two  isomeric  isoxazoles  are  usually 
produced.  To  obtain  isoxazoles  of  certain  constitution  the  synthesis  from  un- 
symmetric  1,3 -diketones  or  acylacetylenes  and  phenylhydrazine  must  be  used 
with  caution,  since  it  is  not  known  which  of  the  two  oxo  groups  will  react  first,  or, 
when  acylacetylenes  are  used,  whether  the  conversion  of  the  oxo  group  to  an  oxime 
or  the  addition  of  hydroxylamine  to  the  acetylene  bond  takes  place  more  rapidly. 


(3)  A  completely  unequivocal  synthesis  of  isoxazoles  consists  in 
the  reaction  of  hydroxamic  acid  chlorides  with  sodium  derivatives  of 
acetylenes  ( Weygand ,  Bauer ,  Ann.  459,  123): 


R 


CNa  C1C-R' 
.8  +  11 


HO-N 


H-C - C-R' 

II  II  +  NaCl 

R-Cv  .N 

XCK 


For  the  formation  of  isoxazoles  from  nitroparaffins  by  treatment  with  alkali, 
see  Dunstan,  Dymond,  J.  1891,  410.  Tins  method  is  especially  useful  for  the 
preparation  of  triarylisoxazolcs  {Heim,  Ber.  44,  2020;  M eisenheimer ,  Weibezahn, 
Ber.  54,  3195). 

Properties. — The  isoxazoles,  like  the  pyrazolcs,  are  weak  bases.  While  the  3,5- 
disubstituted  isoxazoles  are  ven^  resistant  to  alkali,  the  isoxazoles  with  a  free  3- 
position  rearrange  to  /3-oxo  nitriles  in  alcoholic  alkali,  even  in  the  cold: 

N :  CH  •  CH :  CH  •  6  - >  N;C-CH2-CHO 

Isoxazole  Malonaldehydic 

acid  nitrile 

N :  CH  •  CH :  C(C6H5)  •  6  - >  N  ;  C  •  CII2  •  COCeH, 

5-Phenylisoxazole  Benzoylacetonitrile 

Isoxazoles  with  substituted  3-position  but  free  5-position  are  decomposed  when 
warmed  with  alcoholic  potassium  hydroxide  into  carbox3dic  acids  and  nitriles 
{Claisen,  Ber.  36,  3672) : 

N :  C(CH3)  •  CH :  CH  •  6  - >  N  •  C(CH3)  +  CH3-COOH 

For  ring-fission  by  reduction,  see  Claisen,  Ber.  24,  3912. 

ISOXAZOLE,  b.p.  95°,  d14  1.078  {v.  Avwers,  Ber.  57,  463),  very  fluid  liquid 
with  an  odor  like  pyridine,  forms  crystalline  compounds  with  PtCl4  and  with 
CdCl2  {Classen,  Ber.  36,  3665).  5-Methylisoxazole,  b.p.  122°,  and  3-methyl- 
isoxazole,  b.p.  118°,  are  prepared  together  from  hj^droxymethyleneacetone  and 
NH2OH;  the  5-methyl  derivative  is  also  obtained  from  tetrol  aldehyde  or  its 
acetal  with  hydroxylamine  {Claisen,  Ber.  44,  1161).  3,4,5-Trimethylisoxazole, 
rn.p.  3.5°,  b.p.  248°,  from  the  monoxime  of  methylacetylacetone  and  from  nitro- 
ethane  with  alkali  {Dunstan,  Dymond,  J.  1891,  410).  5-Phenylisoxazole,  m.p. 
23°,  b  p.  247°,  is  formed  from  phenylpropiolaldoxime  in  cold  aqueous  sodium 
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hydroxide  solution  and  rearranges  in  sodium  ethylate  solution  to  phenacyl  cy¬ 
anide;  it  is  also  obtained  together  with  the  isomeric  3-phenylisoxazole  from 
hydroxymethylene acetophenone  with  NIi2QH  ( Claisen ,  Ber.  36,  3673).  3- 

Methyl-5-phenylisoxazole,  m.p.  68°,b.p.  125°  (19  mm.),  from  benzoylacetone  or 
phenylacetylacetylene  ( Moureu ,  Brachin,  C.r.  137,  795),  is  converted  by  heating 
with  alcoholic  ammonia  into  3 -methyl -5-phenylpyrazole  (p.  94).  3,4,5- 

Triphenylisoxazole,  m.p.  212°,  from  phenylnitromethane  and  benzaldehyde  or 
from  7-nitrostilbene  by  treatment  with  warm  aqueous  sodium  hydroxide  solution 
{Heim,  Ber.  44,  2020;  Meisenheimer,  Weibezahn,  Ber.  54,  3195).  For  other  tri- 
arylisoxazoles,  see  Meisenheimer,  Weibezahn,  Ber.  54,  3200. 

4- Nitroisoxazole,  m.p.  46-47°,  from  nitromalondialdehyde  (Vol.  I,  p.  591) 
with  1  mol  hydroxylamine,  is  decomposed  by  water  to  nitromalonaldehydic  acid 
nitrile  [Hill,  Hale,  Am.Chem.J.  29  (1903),  253].  3-Phenyl-4-nitroisoxazole, 
m.p.  116°,  is  formed  from  cinnamaldehyde  with  nitrous  gases  and  is  split  by  alco¬ 
holic  potassium  hydroxide  to  benzonitrile  and  nitroacetic  ester;  when  reduced 
with  Al-amalgam  it  gives  3 -phenyl -4-aminoisoxazole,  b.p.  179°  (12  mm.), 
(Wieland,  Ann.  328,  245).  3-(4'-Nitrophenyl)-5-phenyl-4-nitroisoxazole,  m.p. 
199°,  from  benzalacetophenone  with  N203  {Wieland,  Ann.  328,  224). 

For  molar  refraction  and  specific  weight  of  a  series  of  isoxazoles,  see  v.  Auwers, 
Ber.  57,  463. 

ISOXAZOLECARBOXYLIC  ACIDS.  The  esters  are  prepared  from  the  oximes 

of  a,y-dioxo  acid  esters: 

(CH3) CO  •  CH2  •  C(COOR) :  N  •  OH  - >  (CH3) C :  CH  •  C(COOR) :  N  •  6 

a-Isonitrosolevulinic  acid  ester  5-Methylisoxazole-3-carboxylic 

acid  ester 

5 - Methylisoxazole -3 -carboxylic  acid,  m.p.  176°,  and  3 -methylisoxazole -5- 
carboxylic  acid,  m.p.  211°;  their  esters  are  obtained  together  from  acetyl- 
pyruvic  acid  ester  and  NH2OH.  The  free  acids  do  not  split  into  C02  and 
isoxazole  wrhen  heated,  but  decompose  completely  {Claisen,  Ber.  24,  3908). 

5-Methylisoxazole-3,4-dicarboxylic  acid,  m.p.  183°  (dec.),  is  obtained  in  the 
form  of  its  diethyl  ester,  m.p.  57°,  by  the  action  of  fuming  nitric  acid  on  mono-  or 
diacetylsuccinic  acid  ester  {Schmidt,  Widmann,  Ber.  42,  1869). 

BIISOXAZOLES  are  formed  from  oxalyldiketones  and  hydroxylamine: 

CH3-CO-CH2-CO-CO-CH2-CO-CH3  - > 

2,4,5,7-Octanetetrone 

O  •  N :  C(CH3)  •  CH :  C — C :  CH  •  C(CH3) :  N  •  6 

S.S'-Dimethyl-S.S'-biisoxazole 

The  intermediate  product  in  this  reaction,  5-acetoacetyl-3-methylisoxazole, 
is  also  obtained  by  condensation  of  3 -methylisoxazole -5 -carboxylic  acid  ester 
writh  acetone  {Claisen,  Ber.  24,  3910). 

ISOXAZOLONES,  OXOISOXALINES.  The  isoxazolones  are  oxo  derivatives 
of  the  hypothetical  dihydroisoxazole  or  isoxazoline;  they  are  analogous  to  the 
pyrazolones.  The  5-isoxazolones  are  easily  accessible,  being  obtained  from  the 
oximes  of  the  0-oxo  carboxylic  acid  esters  by  elimination  of  alcohol  [Claisen, 
Zedel,  Ber.  24,  140;  Schijf,  Viciani,  Ber.  30,  1159;  Erlenbach,  Ann.  269,  33; 
Oliveri-M andald ,  Atti  accad.Lincei  [5]  18  (1909),  II,  141] : 


HO  •  N=C(CH3)— CH2— COOR  - >  O  •  N =C  ( CH3)  — CH2 — CO 

Oximes  of  isoxazolone  derivatives  are  formed  by  the  action  of  hydroxylamine 
hydrochloride  on  glyoxal,  methylglyoxal,  phenylglyoxal  or  the  like  (or  their 
oxfmes)  {of.  Scholl,  Ber.  30,  1287). 

Like  the  pyrazolones  (p.  103),  the  isoxazolones  have  several  possible  structures: 


(II) 


CH— COv 

II  >0 

CH— NH/ 


(III) 


CH=C(OH) 
CH  - . — N 


O 


The  isoxazolones  have  a  decidedly  acid  character;  they  decompose  alkaline 
earth  carbonates  in  the  cold,  and  form  salts  not  only  with  metals,  but  also  with 
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ammonia  and  primary  amines.  The  composition  of  these  salts  is  variable  (see 
below).  The  methylisoxazolones  prepared  from  the  silver  salts  with  methyl 
iodide  or  from  the  isoxazolones  themselves  with  diazomethane  split  methylamine 
when  distilled  with  caustic  alkali ;  the  methyl  group  appears  to  be  attached  to  the 
N,  and  the  compounds  are  therefore  derived  from  formula  II  above  [ Uhlenhuth , 
Ann.  296,  37 ;  Oliveri-Mandald,  Coppola,  Atti  accad.Lincei  [5]  20  (1911),  I,  244] . 

3-Methyl-5-isoxazolone,  m.p.  170°,  from  acetoacetic  ester  oxime.  Ba-salt, 
(C8H703N2)2Ba  +  11/2H20,  ammonium  salt,  (C8H703N2)NH4,  both  readily 
soluble  in  H20  and  alcohol;  methyl  derivative,  (C8H703N2)CH3,  m.p.  75°  ( Uhlen¬ 
huth ,  Ann.  296,  46).  Condensation  of  acetoacetic  ester  oxime  in  the  presence  of 
benzenediazonium  salts  gives  the  phenylhydrazone  of  3-methyl-4-oxo-5-isoxazo- 
lone,  (C4H3N02)  :NNHC6H5,  m.p.  192°.  Acetoacetic  ester  oxime  and  ketones 
or  aldehydes  form  compounds  such  as  isopropylidene-  and  benzylidenemethyl- 

5- isoxazolone,  (C4H3N02) :  C(CH8)2,  m.p.  121°,  and  (C4H8N02)  :CHC6H6,  m.p. 

141°  ( Schiff ,  Betti,  Ber.  30,  1337).  3-Phenyl-5-isoxazolone,  m.p.  152°;  silver 
salt,  C9H6N02Ag;  aniline  salt,  m.p.  Ill0;  methyl  derivative,  C9H6N02CH3, 
m.p.  78°.  When  treated  with  benzoyl  chloride  and  alkali  phenylisoxazolone 
yields  2  isomeric  alkali-insoluble  benzoyl  esters,  m.p.  161°  and  115°  (Babe,  Ber. 
30,  1614).  4-Benzylidene-3-phenyl-5-isoxazolone,  m.p.  191°  (Wahl,  Meyer, 
C.r.  146,  638).  3,4-Dimethyl-5-isoxazolone,  m.p.  124°;  3 -methyl -4 -ethyl -5- 
isoxazolone,  m.p.  50°  (Uhlenhuth,  Ann.  296,  56);  3-methyl-4-benzyl-5-isoxazo- 
lone,  m.p.  106°  (Schiff,  Viciani,  Ber.  30,  1161).  3 -Phenyl -5-iminoisoxazolone, 

6 —  N=C(C6H5) — CH2 — (*} : NH,  m.p.  Ill0,  is  prepared  from  benzoylaceto- 
nitrile,  CeHs-CO-Ckh-CN,  or  benzoacetodinitrile  and  hydroxylamine  (Rothen- 
burg,  Ber.  27,  1095;  Burns,  J.pr.  47,  124). 

3-Phenyl-5-benzoyl-4-isoxazolone,  6 •  N : C (C6H5)  •  CO •  C^H •  COC6H5,  m.p. 
175°,  is  obtained  from  benzoylformoin  (p.  119)  and  hydroxylamine  (Abenius, 
Soderbaum ,  Ber.  25,  3468;  cf.  Scholl,  Ber.  30,  1290). 

Metafulminuric  acid,  4,5-diisonitrosoisoxazoline, 

0*N:CH*C(:NOH)  *C:NOH,  detonating  at  106°,  is  a  derivative  of  4,5-isoxazo- 
linedione.  It  is  formed  by  the  spontaneous  polymerization  of  fulminic  acid. 
When  warmed  with  water,  or  more  rapidly  when  treated  with  alkali,  it  rearranges 
to  a,0-diisonitrosohydracrylonitrile,  CN-C( :NOH)  *C(:NOH)OH  (Wieland, 
Hess,  Ber.  42,  1346).  3-Amino-4-isonitroso-5-isoxazolone, 

\ 

O-N :C(NH2)  -C(:NOH)  -  CO, 
m.p.  160°  (dec.)  (Wieland,  Gmelin,  Ann.  367,  83). 

5-Isoxazolone-4-carboxylic  acid  ester,  O-  N:CH-CH(C02C2H5)6o,  is  obtained 
from  ethoxymethylencmalonic  acid  ester  or  propylene-a,a,7,Y-tetracarboxylic 
acid  ester  with  hydroxylamine;  when  its  silver  salt  is  heated  with  methyl  iodide, 

an  N-methyl  derivative,  d)-N(CH3)  -CH :  C(C02C2H5)C0,  is  formed  (Claisen, 

Ann.  297,  81;  Ber.  30,  1480). 

The  following  structures  are  possible  for  bicyclic  ring  systems  containing  a  ben¬ 
zene  and  an  isoxazole  ring  sharing  two  adjacent  carbon  atoms: 


4 

J\ 


3 

CH 


N  2 


w 

1  0 1 

1,2-Benzisoxazole, 

Indoxazene 


/\=CH 

>0 

V=N 

Anthranil 


or 


or 


(A) 

V 


— CH 


-N- 


O 


/3, 7-Benzisoxazole 


Of  these,  anthranil  has  already  been  treated  in  Volume  III,  p.  278;  benzisoxa- 
/C0\ 

zolone,  CeH^  >0,  the  anhydride  of  o-hydroxylaminobenzoic  acid,  is  de- 
^NH/ 

scribed  in  connection  with  the  acid. 
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4.  BENZISOXAZOLES 

Benzisoxazoles  or  indoxazenes  are  prepared:  ( 1 )  From  the  oximes  of  o- 
halogeno-  or  o-nitrobenzophenone  with  alkali,  and  from  o-aminobenzophenone 
with  nitrous  acid  (Vol.  Ill,  p.  518;  Cathcart,  Meyer,  Ber.  25,  1498;  Meyenburg, 
Ber.  26,  1657)  (c/.  method  8a  for  the  preparation  of  1-alkylindazoles,  p.  115); 
this  reaction  depends  on  the  spacial  configuration  of  the  oximes  (M eisenheimer , 
Zimmermann,  v.  Kummer,  Ann.  446,  205) : 


Cells 


C(C6H5)=NOH  Xk 

C6H4<  +  KOH  =  C6H4<  %N  +  N02K  +  HjO 

XN02 


A  similar  synthesis  of  benzisoxazoles  consists  in  heating  the  monoacetyl  deriva¬ 
tives  of  the  oximes  of  o-hydroxyaryl  aldehydes  or  ketones  in  a  vacuum  ( Linde - 
inarm,  Thiele,  Ann.  449,  63). 

(2)  a-Triazo-o-cresols  are  converted  to  benzisoxazoles  by  warming  in  solution. 
This  reaction  apparently  takes  the  following  course  ( Lindemann ,  Miihlhaus,  Ann. 
446,  1) : 


A 


— CH[N,], 

-OH 


/\=CHN, 

V=° 


which 

rearranges 

to 


/\ 


-CH 


VvN 

o 


+  n2 


Properties. — Benzisoxazoles  having  free  3 -positions  rearrange  in  the  presence 
of  alkali  to  salicylic  acid  nitriles,  a  reaction  similar  to  that  given  by  the  monocyclic 
isoxazoles  (p.  119).  For  the  influence  of  substituents  in  the  3-position  on  the 
fission  of  the  ring,  see  Lindemann,  Cisste,  Ann.  469,  44;  for  the  influence  of  sub¬ 
stituents  in  the  benzene  ring,  see  Lindemann,  Romanoff,  J.pr.  122,  230. 

1,2-Benzisoxazole,  indoxazene,  b.p.  84°  (11  mm.),  d  1.170  ( Lindemann , 
Thiele,  Ann.  449,  63;  v.  Auwers,  Ber.  57,  461),  from  the  oxime  obtained  from 
salicylaldehyde  and  N -hydroxyurea  or  from  the  monoacetate  of  salicylaldoxime 
by  heating  in  a  vacuum.  In  aqueous  sodium  hydroxide  it  rearranges  to  salicylic 
acid  nitrile.  3-Methyl-l,2-benzisoxazole,  b.p.  92.5°  (11  mm.);  3,5-dimethyl- 
1,2-benzisoxazole,  b.p.  116°  (13  mm.)  ( Lindemann ,  Cisste,  Ann.  449,  63). 

Phenylbenzisoxazoie,  C13H9NO,  m.p.  84°,  b.p.  331-336°,  is  converted  to  a 
dinitro  derivative  by  fuming  nitric  acid.  When  reduced  with  sodium  and  alcohol 

/CH(C6Hb)NH2 

it  opens  to  a-phenvl-o-hydroxybenzylamine,  CeH4<(  ;  with  HI 

X)H 

and  phosphorus  it  gives  o-hydroxybenzophenone  {Cohn,  Mo.  16,  267;  17,  1020). 
For  other  benzisoxazole  derivatives,  see  Lindemann,  Konitzer,  Romanoff,  Ann. 
456,  290. 

3-Amino-6-nitrobenzisoxazole,  m.p.  234°,  from  the  3-carboxylic  acid  azide 
{Lindemann,  Ciss6e,  Ann.  469,  55),  can  be  converted  to  3-hydroxy-6-nitrobenz- 
isoxazole,  m.p.  88°,  by  diazotization. 

Naphth[  1 ,2-r/]isoxazole,  m.p.  83°  {Lindemann,  Konitzer,  Romanoff,  Ann.  456, 
293).  6-Anthr[9,l]isoxazol-6-one,  O  C6H3-C — — N,  and  anthra[9,l-cd,10,5- 

N:i - i6H3-i 

C6H4  •  C=N 

c',d'}  diisoxazole,  |  I  I  {Freund,  Achenbach,  Ber.  43,  3251).  For  dyes 

CO— CeHs-t) 

from  dioxoanthraisoxazoles,  see  Ger.  Pat.  343252,  1915,  Frdl.  XIII,  404;  Ger. 
Pat.  360422,  1918,  Frdl.  XIV,  860. 

4,5,6,7-Tetrahydrobenzisoxazoles  are  obtained  from  hydroxymethylenecyclo- 
hexanones  and  hydroxylamine  (v.  Auwers,  Bohr,  Frese,  Ann.  441,  54). 
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5.  ISOTHIAZOLES 

Isothiazole  (I)  is  the  sulfur  analogue  of  isoxazole.  No  member  of  this  group  is 
known.  A  necessary  condition  for  the  development  of  this  field  is  the  preparation 


(I) 


HC- 

II 

HC 


-CH 

II 

N 


"S/' 


of  the  unknown  thiohydroxylamine,  HS-NH2. 

,  6.  BENZISOTHIAZOLES 

As  in  the  corresponding  ring  systems  containing  oxygen  (p.  122)  there  are  two 
possible  isomeric  benzisothiazoles : 


if' 

CIi  5 

A 

- CH  3 

II 

1  or 

y 

x  /N  2  6 

v  / 

/O  2 

'S' 
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>N' 
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CHv 
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S 


1,2-Benzisothiazole  2,1-Benzisothiazole  or  Thioanthranil 
Both  parent  compounds  and  derivatives  of  them  are  known. 


1 ,2-Benzisothiazoles 

Derivatives  of  this  ring  system  are  obtained:  ( 1 )  By  the  action  of  ammonia 
on  aryl  sulfur  halides  which  contain  a  CO-group  in  an  o-position  to  the  S-atom 
(Fries,  Brothuhn,  Ber.  56,  1630): 


02Nr^— CO  H2N 

+  I 

JSBr  H 


O 


2n/Y 


V 


Vv 

s 


CH 

II 

N 


When  these  same  aryl  sulfur  halides  are  treated  with  primary  amines,  com¬ 
pounds  having  a  salt-like  character  are  formed  which  are  apparently  benziso- 
thiazolium  derivatives : 

/\ 


-CH 
II  /CH, 

WN\, 


s 


'Br 


(2)  By  oxidation  of  thianaphthenequinones  with  H202  in  the  presence  of  am¬ 
monia  (S toll6,  Ber.  58,  2095) : 


4-  2NH3 
- > 

-h2o 


/\ 


-C-CO-NH,  +Ht0, 


V\  NH 

SH 


/\ 


-C— CO-NH, 


VvN 

s 


2HaO 
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1,2-Benzisothiazole,  m.p.  37°,  b.p.  220°  (StolU,  Ber.  58,  2096).  3-Amino-l,2- 
benzisothiazole,  m.p.  115°,  from  the  carboxylic  acid  azide  by  the  Curtius  method 
( StolU ,  Ber.  58,  2098).  5-Nitro-l,2-benzisothiazole,  m.p.  153°  (Fries,  Ann.  454, 
279).  3 -Phenyl-5-nitro -1,2- benzisothiazole,  m.p.  124°  (Fries,  Ann.  454,  290). 
3 -Phenyl -5-amino-l,2-benzisothiazole,  m.p.  131°.  Benzisothiazole -3 -carboxylic 
acid  (StolU,  Ber.  58,  2098).  Naphthisothiazoles  are  also  obtained  by  method  2 
(StolU,  Badstiibner,  J.pr.  121,  266). 

3(2)-Benzisothiazolone  (I)  is  a  derivative  of  2,3-dihydro-l,2-benzisothiazole. 
It  and  its  derivatives  are  prepared  from  compounds  of  type  II  by  reaction  with 


4 

/\ 


V\/ 

7  SI 


-CO3 

I 

NH2 


(I) 


V 


-COC1 

-SCI 


ammonia  (McClelland,  Gait,  J.  1926,  921;  Reissert,  Manns,  Ber.  61,  1308). 

/C0\ 

Oxidation  with  Ho02  converts  them  to  saccharines,  C6H4<(  >NR. 

xs(v 

3(2)-Benzisothiazolone,  m.p.  155°;  2-methyl-3-benzisothiazolone,  m.p.  51°; 
2-phenvl -3-benzisothiazolone,  m.p.  140°. 

/CH\ 

2, 1  -Benzisothiazole,  thioanthranil  CeH,/  |  >S,  b.p.  242°  (448  mm.), 

\N-/ 


is 


formed  by  reduction  of  the  o-nitrobenzyl  ester  of  thiocarbamic  acid  or  of  o-nitro- 
benzylthiol ;  when  heated  with  phenylhydrazine  or  hydrazine  hydrate  it  gives  the 
phenylhydrazone  or  the  azine  of  o-aminobenzaldehyde  (Gabriel,  Leupold,  Ber.  31, 
2185). 


7.  IMIDAZOLES 

This  group  of  compounds  and  the  following  groups  of  oxazoles 
and  thiazoles  can  be  considered  as  cyclic  amidines,  imino  ethers, 
and  thioimino  ethers  of  carboxylic  acids;  these  relationships  are 
apparent  in  their  syntheses. 

IMIDAZOLE,  glyoxaline,  1,3 -diazole: 

[41  HC— N  [3] 

II  II  ‘ 

[5]  HC  CH  [2] 

\/ 

NH 

[i] 

is  isomeric  with  pyrazole.  Like  the  pyrimidines,  the  imidazoles  are 
cyclic  amidines.  Allantoin  (Vol.  I,  p.  627),  an  imidazole  derivative, 
has  been  known  since  1799,  when  it  was  discovered  in  the  allantoic 
fluid  of  cows.  Another  physiologically  important  derivative  of 
imidazole  is  histidine,  a  fission  product  of  proteins. 

History. — Imidazole  was  discovered  by  Debus  in  1856  as  a  product  of  the  reaction 
of  glyoxal  and  ammonia,  a  reaction  which  was  clarified  by  Radziszewski  in  1882 
and  generalized  for  other  ketones.  The  peculiar  bases  prepared  by  Wallach  in 
1876  from  dialkyloximide  chlorides,  which  he  called  oxalines,  were  later  found  to 
be  imidazoles.  In  1882  Japp  postulated,  on  the  basis  of  the  relation  between 
lophines  and  imidazoles,  the  structural  formula  for  imidazole  which  is  now  generally 
accepted;  it  has  been  verified  by  the  more  recent  syntheses  of  Wohl  and  Marck- 
wald  and  of  Bamberger.  The  name  imidazole,  which  was  given  to  the  ring  system 
by  Hantzsch  (Ann.  249,  2),  is  now  used  almost  exclusively. 
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Syntheses  of  Imidazole  and  Its  Derivatives 


C  N 

I .  Of  the  type :  |  C 

C  N 


This  type  includes  the  condensation  of  glyoxal  and  other  o-dioxo  compounds 
with  NH3  and  aldehydes  ( Radziszewski ,  Ber.  15,  2706) : 


R-CO  RC - Ns 

+  2NH3  +  HOC-R"  =  1|  >C-R"  +  3H20 

R'-CO  R'-C— NH/ 


Ammonia  and  glyoxal  alone  form  imidazole,  due  to  the  partial  decomposition  of 
glyoxal  into  formaldehyde  and  formic  acid. 

Other  examples  are  the  preparations  of  imidazoles  from  1,2-diketones  and 
amines  of  the  formula  RCH2-NH2;  benzil  and  benzylamine  give  triphenyl- 1- 
benzylimidazole,  and  benzil  and  ethylamine  give  diphenyl-2-methyl-l-ethylimida- 
zole  ( Japp ,  Davidson,  J.  1895,  1,  32). 


II.  Of  the  type: 


Imidazoles  are  prepared  from  carboxylic  acid  amidines  with  a-halogeno  ketones 
or  a- oxo  alcohols  ( Knuckell ,  Ber.  34,  637) ;  see  the  syntheses  of  oxazoles  and 
Chiazoles  (pp.  136  and  140) : 


C6H5-CO  /BN). 

I  +  >C— C«HS 

CH2Br  H2n/ 


■> 


C6H5.C - Ns 

II  >C-C(HS 

CH — NH/ 


C  N 

III.  Of  the  type:  |  ^  C 

C - N 


This  synthesis  introduced  by  Wohl  and  Marckwald  consists  in  the  reaction  of 
amino  aldehydes  or  amino  ketones  or  their  acetals  with  potassium  thiocyanate  to 
form  substituted  thioureas,  which  are  condensed  by  hydrochloric  or  sulfuric  acid 
to  2-imidazolethiols,  which  lose  sulfur  on  oxidation  {Wohl,  Marckwald,  Ber.  22, 
1353;  Marckwald,  Ber.  25,2354;  Gabriel,  Pinkus,  Ber.  26,  2204;  Basse,  Klinger , 
Ber.  31,  1220) : 


CH3CO 


N. 


A 


h2— nh2 


+ 


% 


C-SH 


CH3C 


CII3CO  IINv 

|  >c-sh 

ch2 — HISk 


-Ns 


Sc-SH 

CH — NEK 


CH3C 


-N: 


CH— NH 


%CH 


C - N 

IV.  Of  the  type:  |  yC 

C - W 


By  an  unusual  reaction  the  alkylimide  chlorides  of  oxalic  acid  give  chlorine 
substitution  products  of  imidazoles,  which  can  be  reduced  to  imidazoles  ( Wallach , 
Ann.  214,  278) : 


ch3 

CC1=NCH3 

1 

— hci  CC1 — N\ 

1 

- >  II  >CH 

cci=nch3 

CH— W 

Dimetkyloxalimide 

l-Methyl-5- 

chloride 

chloroimidazole 

126  FIVE-MEMBERED  RINGS  WITH  TWO  HETERO  ATOMS 


V.  Of  the  type: 


•  Hydrobenzamide  (Vol.  Ill,  p.  272)  and  similar  aromatic  amines  rearrange  when 
heated  to  triaryldihydroimidazoles,  which  readily  lose  2H  to  form  triarylimida- 
zoles: 


C6H6-CH=Nv 

>CHC6Hs 

C6H5-CH=N/ 

Hydrobenzamide 


C6H5  •  CH — NH 


C6H6-CH- 


)>cc6he 


C6H5  •  C — NH 


C6H5  •  C- 


-N 


>C-C6Hb 


Amarine 


Lophine 


Several  imidazoles  have  been  obtained  from  the  corresponding  oxazoles  (p.  137) 
by  heating  wTith  ammonia  ( Minovici ,  Ber.  29,  2098). 

VII.  A  theoretically  important  method  is  the  synthesis  of  imidazoledicar- 
boxylic  acids  from  benzimidazole  (p.  133)  by  oxidation  with  permanganate 
(Bamberger ,  BerU,  Ann.  273,  339) : 

CH=CH — C - Nv  HOOC  •  C - Nx 

I  II  >CH  - >  ||  >CH 

CH=CH— C— NH/  HOOC  •  C — NH' 


Properties. — The  imidazoles  are  more  basic  than  the  isomeric  pyrazolcs  (Dedi- 
chen,  Ber.  39,  1831).  The  imine  hydrogen  can  be  replaced  by  metals,  especially 
silver,  and  by  alkyl  groups  by  means  of  alkyl  iodides,  dimethyl  sulfate,  or  diazo¬ 
methane  (Forsyth,  Pyman,  J.  127,  (1925)  573).  The  tertiary  bases  add  alkyl 
halides  energetically ;  the  non-alkylated  N-atom  must  take  part  in  this  reaction, 
since  the  addition  products  decompose  when  boiled  with  aqueous  potassium  hy¬ 
droxide  into  two  primary  amines,  for  example: 

CH-N(CH3) - \  NH2CH3 

II  >CH  - » 

CH.N(C6Hu)Br/  NH2C6H„ 

(Pinner,  Schwarz,  Ber.  35,  2457).  When  heated,  1-alkylimidazoles  rearrange, 
the  alkyl  group  wandering  to  the  2-C  atom.  Acvl  groups  are  introduced  with 
difficulty  and  are  readily  split  off.  Benzoyl  chloride  in  sodium  hydroxide  solution 
or  pyridine  attacks  imidazole  and  the  simpler  imidazole  derivatives  with  free 
imine  groups  (Fischer,  Ber.  34,  932;  Pinner,  Schwarz,  Ber.  35,  2448;  Windaus, 
Dorries,  Jensen,  Ber.  54,  2745)  even  at  0°,  forming  a  carboxylic  acid  and  a  diben- 
zoyldiamine.  Isovaleryl  chloride  acts  similarly. 


CH 


-N> 


CH— NH/ 


CH  +  2C6H5'C0C1  +  2NaOH  = 


Imidazole 


CH— NH  •  COC6II5 

||  +  2NaCl  +  HC02H 

CH — NH  •  COC6H* 

s-Di-(benzoylamino)- 

ethylene 


Conversely,  the  di-(acylamino)ethylenes  are  converted  to  imidazoles  when  heated 
with  acid  anhydrides  (Windaus,  Langenbeck,  Ber.  55,  3706). 

The  imidazoles  are  very  stable  toward  reducing  agents  and  toward  oxidizing 
agents.  They  are  attacked  slightly  by  chromic  acid,  more  energetically  by  potas¬ 
sium  permanganate  (Pinner,  Schwarz,  Ber.  35,  2448) ;  hydrogen  peroxide  forms 
examines.  Imidazoles  with  free  imine  groups  couple  with  aromatic  diazo  com¬ 
pounds;  the  products  are  not  diazoamino  derivatives,  as  might  be  assumed,  but 
C-azo  derivatives  which  have  the  azo  group  in  the  2-  or  the  4(5) -position  (Far- 
gher,  Pyman ,  J.  115,  217).  The  purines  (Vol.  I,  p.  638),  which  contain  a  con- 
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densed  imidazole  ring, 


CH :  N  •  C — NH 

I  I! 

N :  CH  •  C - -N: 


CH,  behave  similarly. 


The  position  of  the  substituents  in  imidazole,  which  is  now  indicated  by  num¬ 
bers  (I)  was  formerly  shown  by  symbols  (II). 


(I) 


[4]  HC 

[5]  HC 


[31 

>CH  [2] 

NIK 

[1] 


(«)  HC - Nv 

||  >CH  fc*)  (II) 
(8)  HC— NH/ 

(N) 


The  hydrogen  atoms  in  the  4-  and  5-positions  are  equivalent,  which  is  expressed 

RC - Nv 

in  this  manner  of  formulating  alkylimidazoles :  ||  H  ;>CH  (cf.  4-methyl-5- 

CH— N' 

phenylimidazole,  see  below) . 

IMIDAZOLE,  glyoxaline,  C3H4N2,  m.p.  90°,  b.p.  263°,  is  formed  together  with 

CH— NIL  /NH — CH 


glycosine  (2,2 '-biimidazole, 


<< 


H- 


-N: 


C-C 


N- 


-CH 


Lchmstedt,  Ann.  456, 


253)  from  glyoxal  and  ammonia,  advantageously  with  the  addition  of  formalde¬ 
hyde  ( Behrend ,  Schmitz,  Ann.  277,  336) ;  it  is  also  prepared  from  2-imidazolethiol 
and  from  its  dicarboxylic  acid  (see  above).  It  is  soluble  in  alcohol,  ether,  and 
water;  the  solutions  when  treated  writh  alkali  phosphoresce  in  the  air  (cf.  lophine) . 
It  forms  salts  with  all  acids  except  carbonic  acid.  Silver  nitrate  precipitates  the 
silver  salt  of  imidazole,  C3H3N2Ag;  methyl  iodide  forms  1-methylimidazole,  m.p. 
—  6°,  b.p.  199°,  d  1.0363,  which  is  also  obtained  from  dimethyloxalimide  chloride 
by  method  IV  (p.  125).  The  alkaloid  pilocarpine  is  a  derivative  of  1-methylimi¬ 
dazole.  1 -Phenylimidazole,  m.p.  13°,  b.p.  276°,  is  formed  from  its  mercaptan 
according  to  method  III  (p.  125). 

2-Methylimidazole,  m.p.  137°,  b.p.  267°,  is  prepared  by  rearrangement  of  1- 
methylimidazole  (see  above)  or  from  glyoxal,  acetaldehyde  and  NII3;  with  ethyl 
iodide  it  forms  l-ethyl-2-methylimidazole,  b.p.  213°,  which  is  also  obtained  from 
diethyloxalimide  chloride  and  which  possesses  a  physiological  action  similar  to 
atropine.  2-Ethylimidazole,  m.p.  80°,  b.p.  268°. 

4(5) -Methylimidazole,  m.p.  56°,  b.p.  263°,  from  its  mercaptan  by  method 
III  (p.  125)  ( Gabriel ,  Pinkus,  Bor.  26,  2204),  and  from  grape  suvar  and  other 
hexoses  and  pentoses  by  treatment  with  zinc  hydroxide-ammonia  ( Windaus , 
Knoop,  Ber.  38,  1166;  Windaus,  Ber.  40,  799;  Vol.  I,  p.  696).  Methylation  of 
methylimidazole  with  dimethyl  sulfate  and  alkali  produces  both  1,4-  and  1,5- 
dimethylimidazole,  b.p.  199°  and  224°: 


CH3C— Nx  CH3C - Nv  CH3-C-N(CH3k 

||  H  >CH  - »  ||  SCB.  and  ||  >CH 

HC— W  HC-N(CH3)/  HC - N^ 

In  this  reaction  the  methylimidazole  behaves  as  a  mixture  of  4-  and  5-methyl- 
imidazole  ( Pyman ,  J.  97,  1814). 

2,4,5-Trimethylimidazole,  m.p.  183°,  b.p.  271°,  from  biacetyl,  NH3,  and  alde¬ 
hyde.  4 (5) -Phenylimidazole,  m.p.  129°,  from  phenylglyoxal,  NH3,  and  for¬ 
maldehyde;  with  NH3  alone  phenylglyoxal  gives  a  mixture  of  products,  includ¬ 
ing  2 -benzoyl -4 -phenylimidazole,  m.p.  280°  ( Pinner ,  Ber.  38,  1531).  4-Methyl- 
5-phenylimidazole,  m.p.  185°,  is  obtained  from  methylphenvlimidazolethiol 
prepared  according  to  method  III  (p.  125)  by  oxidation  with  HN03;  the  same 
methylphenylimidazole  results  whether  a-aminopropiophenone  (I)  or  the  iso¬ 
meric  a-acetylbenzylamine  (II)  is  used  as  the  starting  material: 


C6H5-CO  C6H5C— Nx  ch3-co 

(I)  I  - >  II  H>CH  < -  |  (II) 

ch3-cii-nh2  CH3C— N/  c6h5-chnh2 

This  also  demonstrates  the  equivalence  of  the  4-  and  5-positions  of  imidazole 
(Gabriel,  Ber.  41,  1926);  cf.  2,5-dimethylbenzimidazole  (p.  133),  3-rnethyl- 
pyrazole  (p.  93),  and  Vol.  I.  2,4-Diphenylimidazole,  m.p.  193°,  from  benz- 
amidine  and  phenacyl  bromide  ( Knuckell ,  Ber.  34,  639) .  4,5-Diphenylimidazole, 
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m.p.  227°,  from  benzil,  formaldehyde,  and  NH3,  together  with  2,4,5-triphenyl- 
oxazole  (p.  137),  benzilamide  and  iinabenzil  ( Pinner ,  Ber.  35,  4136;  38,  1536). 
2,5-Diphenylimidazole,  m.p.  162°,  is  obtained  from  2, 5-diphenyloxazole  (p.  137) 
with  alcoholic  NH3  at  30(3°,  and  by  the  condensation  of  a-aminophenylaceto- 
nitrile  and  benzaldehyde  with  HC1  (c/.  method  4  for  the  oxazoles,  p.  136)  ( Mino - 
vici,  Ber.  29,  2103) : 


C6H6CH — NIT 


CN 


Lophine,  2,4,51triphenylimidazole,  m.p.  275°,  is  prepared:  ( 1 )  from  benzil, 
benzaldehyde,  and  NH3;  ( 2 )  from  hydrobenzamide  by  heating  ( Pinner ,  Ber.  35, 
4140)  or  from  amarine  by  oxidation;  ( 3 )  from  2,4,6-triphenyl-s-triazine  or  tri- 
phenyltricyanogen  by  redaction  accompanied  by  elimination  of  NH3;  and  (4) 
from  benzamidine  and  benzoin  ( Kulisch ,  Mo.  17,  300).  Lophine  (from  \o<pos, 
tuft  of  feathers,  referring  to  its  tufted  crystalline  form)  phosphoresces  strongly 
when  shaken  with  alcoholic  potassium  hydroxide,  decomposing  into  NH3  and 
benzoic  acid. 

Halogen  derivatives  of  imidazoles  are  formed  by  substitution.  2-Bromoimidaz- 
ole  is  obtained  in  good  yield  by  the  action  of  cyanogen  bromide  ( Langenbeck ,  J.pr. 
119,  77).  5-Chloroimidazoles  are  prepared  from  the  dialkyloxalimide  chlorides 
(p.  125).  Tribromoimidazole,  C3Br3N2H,  m.p.  214°,  from  imidazole  and  bro¬ 
mine;  2,4,5-triiodoimidazole,  C3I3N2H,  m.p.  192°,  and  1,2,4,5-tetraiodoimid- 
azole,  C3I4N2,  dec.  160°,  from  imidazole  and  iodine  {Pauly,  Ber.  43,  2243); 
5-chloro-l-methylimidazole,  C3H2C1N2-CH3,  b.p.  205°,  and  5-chloro-l,2-dimeth- 
ylimidazole,  C3HC1(CH3)N2 •  CH3,  b.p.  218°,  from  dimethyl- and  ethylmethyl- 
oxalimide  chloride. 

Nitro  derivatives  of  the  imidazoles  are  obtained  by  the  action  of  nitric  acid- 
sulfuric  acid  or  fuming  nitric  acid  on  imidazoles.  The  nitro  group  apparently 
enters  in  the  4(5) -position.  The  nitroimidazoles  with  a  free  imine  group  dissolve 
in  alkali  to  yellow  solutions.  4-Nitro-5-methylimidazole,  m.p.  248°;  5-nitro- 
2,4-dimethylimidazole,  m.p.  252°;  4-nitro-l,5-dimethylimidazole,>  m.p.  161° 
(Windaus,  Ber.  42,  761). 

Nitroimidazoles  reduce  to  aminoimidazoles.  Derivatives  with  an  amino 
group  in  a  side-chain  are  formed  from  carboxylic  acid  azides  by  the  Curtius  reac¬ 
tion  or,  synthetically,  by  method  III  (p.  125).  4(5)-Aminomethylimidazole 
dihydrochloride  sinters  at  236°  {Windaus,  Opitz,  Ber.  44,  1722).  For  histamine , 
4-imidazoleethylamine,  see  p.  129. 

Mercaptans  are  obtained  by  condensation  of  dialkoxyethyl-  or  acetonylthiourea 
or  similar  substances  (p.  125).  2-Imidazolethiol,  m.p.  222°  (dec.),  reacts  with 
methyl  iodide  to  give  the  methyl  ether,  C3H3(SCH3)N2,  m.p.  139°  {Marckwald, 
Ber.  25,  2359).  4,5-Diphenyl-2-imidazolethiol,  C3(C6H5)2NH2(SH) ,  is  prepared 
from  benzoin  and  thiourea  {Anschutz,  Ann.  284,  8;  cf.  Basse,  Klinger,  Ber.  31, 
1220).  4(5)-Aminomethyl-2-imidazolethiol,  C3(CH2NH2)H2N2(SH) ,  m.p.  188°, 
from  acetonediamine  hydrochloride  and  potassium  thiocyanate,  is  converted  by 
treatment  with  dilute  nitric  acid  into  4(5)  -hydroxymethylimidazole,  C3(CH2OH)  - 
H3N2,  m.p.  94°  {Pyrnam,  J.  99,  668). 

4(5)-Sulfonic  acids  of  imidazole  result  from  direct  sulfonation  {Barnes,  Pyman, 
J.  1927,  2711) ;  2-sulfonic  acids  are  obtained  by  oxidation  of  the  corresponding  2- 
imidazolethiols  (see  p.  125,  method  III)  with  hydrogen  peroxide. 

4,5-Imidazoledicarboxylic  acid,  C3H2(COOH)2N2,  from  dihydroxytartaric  acid, 
NH3,  and  formaldehyde  [ Maquenne ,  Ann.chim.phys.  24  (1891),  525],  and  by 
oxidation  of  benzimidazole  {Bamberger ,  BerU,  Ann.  273,  339),  decomposes  im¬ 
mediately  when  heated  into  C02  and  imidazole.  The  dicarboxylic  acid  is  useful 
for  the  isolation  of  a  number  of  bases  whose  acid  salts  are  generally  sparingly 
soluble  in  water  {Pauly,  Ludwig,  Z. physiol. Chem.  121,  165).  For  the  synthesis 
of  a  series  of  2-alkylimidazoledicarboxylic  acids,  see  Yllner,  Arkiv  Kemi,  Miner. 
Geol.  9  (1927),  No.  41,  1. 

/-HISTIDINE,  oL-amino- 4(5) -imidazole propionic  acid: 


/N - C  •  CH2  •  CH(NH2)C02H 

HC<f  || 
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{Pauly,  Z. physiol. Chem.  42, 508),  flaky  crystals,  m.p.  285°  (dec.),  [a]2D°  —39.74 
{Abderhalden,  Weil,  Z. physiol. Chem.  77,  438),  was  discovered  by  A.  Kossel  in 
1896  (Sitzber.kgl.preuss.Akad.Wiss.,  April  9)  among  the  disintegration  products 
of  the  protamine  sturin;  it  is  formed  in  the  hydrolysis  of  many  proteins,  especially 
hemoglobin  [preparation  from  blood  corpuscles,  Jones,  J. Biol. Chem.  33  (1919), 
429 ;  Hanke,  Koessler,  ibid.,  43  (1921) ,  521] .  The  levo  configuration  of  the  asym¬ 
metric  carbon  atom  was  determined  by  degradation  to  l-aspartic  acid  {Langenheck, 
Ber.  58,  227;  Vol.  I,  p.  608).  Monohydrochloride,  plates  (from  water),  m.p. 
255°.  Methyl  ester  dihydrochloride,  m.p.  196°.  Histidine  forms  a  molec¬ 
ular  compound  (1:1),  m.p.  224-226°,  with  flavianic  acid  (naphthol  yellow  S) 
which  is  sparingly  soluble  in  dilute  mineral  acids  ( Kossel ,  Gross,  Z. physiol. Chem. 
135,  168).  Like  other  imidazoles,  histidine  couples  in  solutions  made  alkaline 
with  soda  with  diazobenzenesulfonic  acid  to  form  a  red  azo  dye.  Of  the  other  de¬ 
composition  products  of  proteins,  only  tyrosine  gives  this  reaction  {Pauly,  Z. 
physiol. Chem.  42,  513).  Another  characteristic  property  is  the  formation  of  a 
sparingly  soluble  acid  salt  with  4,5-imidazoledicarboxylic  acid,  m.p.  254° 
{Pauly,  Ludwig,  Z. physiol. Chem.  121,  168).  Color  reaction  of  histidine  when 
warmed  with  bromine  [Knoop,  Beitr. chem. Physiol. Path.  11  (1908),  356;  Hunter, 
Biochem.J.  16  (1923),  637].  _ 

When  treated  with  HN02  histidine  is  converted  to  a-hydroxyimidazolepropionic 
acid,  /-imidazolelactic  acid,  C3H3N2CH2CH(OH)COOH  +  H20,  m.p.  204°  (dec.), 
which  can  be  broken  down  to  imidazoleacetic  acid,  C3H3N2CH2COOH  +  H20, 
m.p.  220°  (dec.),  imidazolecarboxylic  acid,  C3H3N2COOH,  m.p.  286°  (dec.), 
and  finally  to  imidazole  itself  [Knoop,  Beitr. chem. Physiol. Path.  10  (1907), 
111] .  When  the  a-hydroxyimidazolepropionic  acid  is  reduced  with  HI  and  P,  it 
yields  imidazolepropionic  acid,  C3H3N2CH2CH2COOH,  m.p.  209  °.  Histidine  hy¬ 
drochloride  can  be  transformed  by  the  action  of  bacteria  to  d-imidazolelactic 
acid,  m.p.  196°,  aD  +33.7°  [Hirai,  Acta  Schol. Med. Univ. Imp. Kioto  2  (1918), 
447];  Bacillus  coli  under  certain  conditions  gives  imidazolepropionic  acid 
[ Koessler ,  Hanke,  J. Biol. Chem.  39  (1920),  539].  This  acid  can  be  synthesized 
by  condensation  of  glyoxylpropionic  acid,  CHO  CO -CH2*CH2-COOH  (Vol.  I, 
p.  601) ,  with  ammonia  and  formaldehyde  according  to  method  /  (p.  125)  [Knoop, 
Windaus,  Beitr. chem. Physiol. Path.  7  (1905),  144] ;  its  azide  can  be  converted  bj' 
the  Curtins  reaction  to4-imidazoleethylamine,  histamine,  C3H3N2  •  CH2  •  CH2NH2, 
m.p.  83-84°,  picrate  m.p.  234°  (dec.)  {Windaus,  Vogt,  Ber.  40,  3691).  His¬ 
tamine  is  also  obtained  from  histidine  by  heating  alone,  or,  better,  with  concen¬ 
trated  IICl  to  270°  {Ewins,  Pyman,  J.  99,  339),  or  by  bacterial  disintegration 
{Ackermann,  Z. physiol. Chem.  65,  504) .  Histamine  is  found  among  the  alkaloids 
of  ergot,  and  is  often  used  as  a  substitute  for  ergot  preparations  in  gynecology 
{Barger,  Dale,  J.  97,  2592).  For  other  syntheses  of  histamine,  see  Pyman,  J. 
99,  668,  and  Koessler,  Hanke,  Am.  40,  1716.  The  violet  coloration  which  histi¬ 
dine  gives  with  small  quantities  of  cobalt  nitrate  on  addition  of  alkali  is  specific 
for  this  base  and  is  used  for  its  detection  {Zimmermann,  Z. physiol. Chem.  186, 
260) . 

Synthesis  of  histidine  {Pyman,  J.  99,  1386) .  4(5)-Chloromethylimidazole  (I), 
from  4(5) -hydroxymethylimidazole  (p.  128)  and  PC15,  when  treated  with  sodium 
chloromalonic  ester  yields  4(5)-imidazolechloromalonic  ester  (II) ,  which  saponifies 
to  4(5)-imidazolechloropropionic  acid  (III) ;  this  reacts  with  NH3  to  give  [d  -f-  l]- 
histidine,  which  can  be  resolved  to  its  optically  active  components  with  tartaric 
acid : 


(I) 

(II) 

(III) 

(IV) 

CH— Nv 

CH— Nx 

CH — Nv 

Q 

1 

3 

y 

|  >CH 

->  ||  >CI4  — 

11  >CH  — 

>CH 

C— NH/ 

C— NH/ 

C— NH/ 

c— nh/ 

j 

CH2C1 

CH2-CC1(C02R)2 

1 

ch2-chclco2h 

| 

CH2-CH(NH2)-C02H 

For  the  quantitative  determination  of  histidine  by  titration  with  standardized 
silver  nitrate  solution  or  diazobenzenesulfonic  acid,  see  Lautenschldger ,  Z. physiol. 
Chem.  102,  226. 

For  the  preparation  of  histidine-peptides,  see  Bergmann,  Zervas,  Z. physiol. 
Chem.  175,  154. 
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Herzynine  is  the  trimethylbetaine  of  histidine : 

CO— CH  •  CH2  •  C— N 

i  i  n  >ch 

O - N(CH3)3  hc— nh 


It  is  found  in  extracts  of  various  fungi  [Kutscher,  Zentr. Physiol.  24  (191 1),  775] . 

Carnosine,  a  derivative  of  histidine  in  which  the  NH2-group  is  substituted  by 
a  /3-aminopropionic  acid  residue,  — COCH2CH2NH2,  is  obtained  by  extraction 
of  muscular  substance  ( Vurth ,  Hryntschak,  Biochem.Z.  64  (1916),  172). 

HYDROIMIDAZOLES.  Imidazoles  cannot  be  reduced  to  hydro  derivatives. 
Dihydroimidazoles  or  imidazolines  are  obtained:  ( 1 )  From  acyl  derivatives  of 
ethylenediamine  and  its  homologues: 


CH2— NH  •  COC6H5  CH2 - Nx 

|  - >  |  >C*C6H5(+  C6H5COOH). 

CII2— NH  •  COC6H5  CII2— NIK 

(2)  The  products  of  the  reaction  of  N-allylacetamide  and  N-allylbenz- 
amide  with  the  hydrochlorides  of  aromatic  bases  are  apparently  dihydroimidazoles 
( Clayton ,  Ber.  28,  1665): 


/NH — CH2 

C6H5c4  I  +  nh2c6h5 

X)  CH :  CH2 


/N - CH2 

*  CeHiCf"  | 

\N(C,HS)— CH-CH, 


N-Allylbenzamide  l,2-Diphenyl-5-methylimid- 

azoline 

CH2 - N\ 

2-Methvlimidazoline,  lysidine,  (  y>C-CH3,  m.p.  105°,  b.p.  195- 

CH2— NH/ 


198°,  is  prepared  by  heating  ethylenediamine  hydrochloride  with  sodium  ace¬ 
tate;  it  forms  a  very  soluble  uric  acid  salt  ( Ladenburg ,  Ber.  27, 2952) .  The  homol¬ 
ogous  imidazolines,  such  as  2-ethyl-,  2,4(or  2,5) -dimethyl-,  and  4(5)-methyl- 
2-ethylimidazoline,  behave  similarly  ( Klingenstein ,  Ber.  28,  1173;  Baumann, 
Ber.  28,  1176) .  Benzoyl  chloride  and  alkali  split  methylimidazoline  to  acetyldi- 
benzoylethylenediamine  (Ladenburg ,  Ber.  28,  3068). 

2-Phenyiimidazoline,  ethylenebenzamidine ,  C3H5(C6H5)N2,  m.p.  101  °,  is  formed 
from  ethylenediamine  and  thiobenzamide  ( Forssel ,  Ber.  25,  2135). 

2,4,5-Triphenylimidazoline,  amarine,  C2iHi8N2,  m.p.  133°  (anhydrous),  is 
formed  by  rearrangement  of  hydrobenzamide .  With  alkyl  halides  it  gives  dialkyl- 
triphenyiimidazolium  halides,  which  are  split  by  alkali  to  diphenylethylene- 
diamine  derivatives,  whose  hydrochlorides  are  condensed  by  heat  to  the  same 
imidazolium  compounds: 

C6H6CH - Nv  RHai  C6H5CH— N(R)(Halk 

|  >CC6II5  - >  |  >CC6H6  (  . 

C6II5CH— NIK  Cel  ECU - N(R)/ 

CeHsCH— NHR 

I 

CeH5CH— N(R)COC6H5 

The  reaction  of  benzoyl  chloride  with  amarine  takes  a  similar  course.  When 
amarine  is  heated  with  sodium  ethylate  at  150-160°,  or  amarine  hydrochloride  is 
heated  at  340°,  an  isomeric  isoamarine,  m.p.  198°,  is  obtained;  the  same  com¬ 
pound  is  synthesized  from  rac-dibenzoyldiphenylethylenediamine  (Vol.  III). 
It  stands  in  the  same  relation  to  amarine  as  rac -tartaric  acid  does  to  meso-tartaric 
acid,  and  can  be  resolved  into  optically  active  components  [Japp,  Moir,  Proc. 
Chem.Soc.,  15  (1900),  227;  J.  77,  608].  When  oxidized,  amarine  is  converted 
to  lophine  (p.  128).  Trifurylimidazoline,/M?/wnn  (p.  19)  has  an  analogous  com¬ 
position. 

Biimidazoline,  (C3H6N2)2,  m.p.  290-300°,  is  the  condensation  product  of  thio- 
oxalic  acid  diamide  and  ethylenediamine  ( Forssell ,  Ber.  24,  1846) : 
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NH2-CS— CS-NH2  +  2NH2  •  CII2  •  CH2  •  NH2 


”i. 


r~ 


NH — CII2 — CII2 — N=C — C=N — CII2 — CII2 — Nil 

TETRAHYDROIMID AZOLES,  such  as  triphenyltetrahydroimidazole,  m.p. 
137°,  are  prepared  from  N,N '-diphenylethylencdiamine  and  aldehydes  (Moos, 
Ber.  20,  732) : 

CH2— nhc6h5  CH2— N  (C6H6)  v 

|  +CHO-C6H5=|  >CH(C6H6) 

ch2— nhc6h5  ch2— N  (C6H5)  / 

The  group  comprising  the  oxo-,  thio-,  and  iminohydroimidazoles  includes  a 
series  of  cyclic  urea,  thiourea  and  guanidine  derivatives,  most  of  which  have  been 
described  with  the  aliphatic  compounds. 

1.  OXOIMID AZOLINES,  imidazolones,  or  ureins  are  formed  from  a-ureido- 

.CH — NIL 

keto  compounds  by  inner  condensation:  2-Imidazolone,  |[  /CO,  m.p. 

CH — NEK 

HC(OR)2  h2n. 


105°,  from  /3-dialkoxyethylurea, 


A 


H2 


NcO  (cf.  Vol.  I);  various  imid- 
-NEK 


azolones  have  been  prepared  from  benzoin  and  benzil  with  ureas  (cf.  Marckwald, 
Ber.  25,  2357;  Gabriel,  Posner,  Ber.  27,  1038,  1144;  Fischer,  Hunsalz,  Ber.  27, 
2203;  Magnanini,  Gazz.  19,  573;  Biltz,  Ann.  368,  156).  4, 5 -Diphenyl -2 

imidazolone,  m.p.  324°  (Biltz,  Ann.  339,  249).  4-Imidazolones,  such  as  2- 
methyl-4-imidazolone,  m.p.  141°,  are  obtained  by  condensation  of  iminoethers 
with  a-amino  fatty  acid  esters  (Finger,  J.pr.  76,  93;  Finger,  Zeh,  ibid.,  82,  50) : 


CH,Of 


NH 


ROCO 


+ 


CHaC^ 


N - CO 


OR  H2N-CH2  \NH— CH2 

Glyoxaline  red,  2,2 f -diphenyl- 4,4 ' -hi -5 -imidazolone : 

'  C6H6C=Nv  /N=CC6H5 

>C:C<( 

\/  V 


NH  •  CO' 


OO-NH 


ruby  crystals,  from  acetylenedicarboxylic  acid  ester  and  2  mols  of  benzamidine 
[Ruhemann,  Stapleton,  Proc.  Chem.  Soc.  16  (1900),  121]. 

2.  OXO-  and  THIOTETRAHYDROIM  ID  AZOLES  include  the  cyclic  alkyl- 
eneureas  and  thioureas  (Vol.  I). 

3.  DIOXO-  and  IMINOOXOTETRAHYDROIMID AZOLES  include  the 


hydantoins  and  glycocyamidines,  such  as  hydantoin  and  creatinine  (Vol.  I,  pp.  49, 

514).  Other  members  of  this  group  are  vinylideneoxanilide, 

CO — N(C6H5)v 


>C:CH2, 


m.p.  209°,  and  its  homologues,  which  result  from  con- 


CO— N(C6H5K 

densation  of  oxanilide  with  acetic  anhydride  and  sodium  acetate  or  homologous 
acids  (v.  Pechmann,  Ansel,  Ber.  33,  613). 


4.  TRIOXO-  and  IMINODIOXOTETRAHYDROIMID  AZOLES  include 
oxalylnrea  or  parabanic  acid  (Vol.  I,  p.  629)  and  oxalylguanidine  (Traube,  Ber. 
26,2552). 


8.  BENZIMIDAZOLES 


The  benzimidazoles,  sometimes  called  cyclic  amidines,  contain  an 
imidazole  ring  condensed  with  a  benzene  ring: 


[4]  [3] 

[5]  CH=CH — C - N 


16]  CH=CH— C— NH 
[7]  [1] 


CH  [2] 
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Their  relationship  to  imidazole  is  made  evident  by  the  formation 
of  imidazoledicarboxylic  acid  as  an  oxidation  product  of  benzimid¬ 
azole  (p.  133). 

Sy  ntheses.  ( 1 )  By  condensation  of  o-phenylenediamines  with  car¬ 
boxylic  acids  or  their  anhydrides,  chlorides,  or  amides,  with  elimina¬ 
tion  of  water  (Ladenhurg ,  Ber.  8,  677 ;  11,  826) ;  acyl  compounds  are 
formed  as  intermediate  products: 

/NH2  /NH-CO-CHs  /NHv 

c6h4<  +  ch3cooh  — >  c6h4<  — >  c6h4<  >c-ch, 

xNH2  xNH2  x  N  ^ 

o-Phenylenediamine  Acetyl-o-phenylene-  2-Methylbenz- 

diamine  imidazole 

1 

Diacyl-o-phenylenediamines  also  give  benzimidazoles  ( Bistrzycki ,  Ulffers,  Ber. 
23,  1876;  25,  1992).  The  anhydrides  of  dibasic  acids  react  as  monobasic  acids; 
for  example,  o-phenylenediamine  and  succinic  anhydride  give  2 -benzimidazole- 
propionic  acid  ( Fischer ,  Ber.  27,  2773),  and  o-phenylenediamine  and  phthalic 
anhydride  give  2 -phenylbenzimidazole-o -carboxylic  acid  ( Thiele ,  Falk,  Ann.  347, 
116).  o-Naphthalenediamines  and  other  aromatic  1,2-diamines  react  in  the 
same  way  as  o-phenylenediamine. 

(2)  By  reduction  of  acylated  o-nitroanilines,  ac}dated  o-phenylenediamines 
being  formed  first  ( Hobrecker ,  Ber.  5,  920) : 


C6H 


4‘ 


NH  CO  CH3 

no2 


NH-CO-CH3“ 

nh2 


/NH\ 

>  c6h4<  >c-ch, 

\  N  7 


( 8 )  N-Alkylated  benzimidazoles  are  obtained  by  the  action  of  aldehydes  on  0- 
diamines  (the  aldehydins  of  Ladenburg,  Ber.  11,  590).  The  dialkylidene-o- 
diamines,  which  are  probably  the  first  products  of  the  reaction,  rearrange  immedi¬ 
ately  to  N-alkylbenzimidazoles  ( Hinsberg ,  Ber.  20,  1585);  the  non-alk3dated 
benzimidazole  is  formed  as  a  side-product  from  the  monoalkylidene  compound : 


C6H 


4! 


■N :  CHCH3 
N :  CHCH3 


C6H4<  %C-CH3; 

\n/ 

I 

c2h5 


c6h4. 


•N :  CHCH3 

NH2 


c6h, 


’  N  \ 

>CCH, 

NH^ 


Monoalkyl-o-diamines  give  benzimidazoles  ( Fischer ,  Ber.  25,  2826).  For  the 
reaction  of  formaldehyde  with  o-phenylenediamine,  see  Fischer,  Ber.  32,  245. 

By  a  similar  course  of  reaction  N-arylaminobenzimidazoles  (III)  are  formed 
from  o-aminoazo  compounds  (I)  and  aldehydes;  the  Schiff  bases  (II)  first  formed 
isomerize  in  boiling  glacial  acid  to  benzimidazoles  ( Fischer ,  J.pr.  104,  102;  107, 
16): 


/V 


NH2 


/V 


N:CHR' 


0:CHR' 


N :  N  •  R 


Glacial  acetic 
- > 

acid 


a/N\ 


N:NR 


N- 


C— R' 
-NHR 


(I) 


(II) 


(HI) 


(4)  2-Phenylbenzimidazole  is  prepared  by  warming  s-benzylidene-o- 
aminophenylhydrazine  with  dilute  mineral  acids  ( Franzen ,  Ber.  40,  909) : 
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/NH2  -nhj  /  N  x 

C6H4<  .CH-C6H5  - >  C6H4<  -Cells 

^NH-N7/  \NH/ 

Properties. — The  benzimidazoles  closely  resemble  the  imidazoles  in  behavior 
(p.  126),  although  the  acidity  of  the  imino  group,  outweighs  the  basicity,  the 
benzimidazoles  being  soluble  in  aqueous  alkali.  Alkyl  radicals  are  readily  intro¬ 
duced  into  the  imino  group,  acyl  radicals  somewhat  less  readily.  The  N-alkyl- 
benzimidazoles  add  alkyl  iodides,  and  the  addition  products  are  rearranged  by 
alkali  to  1, 3-dialkyl -2-hydroxybenzimidazolines;  the  latter  are  converted  by  boil¬ 
ing  aqueous  sodium  hydroxide  to  dialky  1-o-phenylenedi amines  and  formic  acid, 
from  which  components  they  can  be  regenerated  by  warming : 


/  N  (CH3)  v 

c6h4<  >ch 

xN(CH3)F 


c6h 


■N(CH3)v  /H 

>c< 

N(CH3)/  \QH 


/NHCH3 

C6H4<  -1-  HCOOH 

xnhch3 

This  fission  is  facilitated  by  nitro  groups  in  the  benzene  ring,  and  hindered  by 
alkyl  substituents  in  the  benzene  or  imidazole  rings  ( Fischer ,  J.pr.  73,  419). 
Just  as  in  the  case  of  the  imidazoles,  benzoyl  chloride  and  sodium  hydroxide,  even 
at  0°,  attack  the  imidazole  ring  of  the  simpler  benzimidazoles,  producing  diben¬ 
zoyl -o-diamines  (c/.  Heller,  Ber.  37,  3116) .  The  benzimidazoles  are  fairly  resist¬ 
ant  to  reducing  and  oxidizing  agents.  Some  amino  derivatives  give  substantive 
azo  dyes  [ Lellmann ,  Hailer,  Ber.  26,  2760;  Pinnow,  Wiskott,  Ber.  32,  898;  Kym, 
Ber.  37,  1070;  Muttelet,  Ann.chim.phys.  [7]  14  (1898),  391,  433 ]),  in  which  they 
resemble  the  corresponding  benzoxazoles  (p.  138)  and  benzothiazoles  (p.  143). 

/  N  \ 

BENZIMIDAZOLE,  o-phenyleneformamidine,  CeH4<(  )>CH,  m.p.  167°,  is 

XNH/ 

prepared  from  formic  acid  and  o-phenylenediamine  and  by  the  action  of  chloro¬ 
form  and  potassium  hydroxide  on  o-phenylenediamine  ( Grassi-Cristaldi ,  Lom¬ 
bardi,  Gazz.  25,  1,  224) ;  it  is  partially  oxidized  by  potassium  permanganate  to 
imidazoledicarboxylic  acid.  1-Methylbenzimidazole,  m.p.  61°,  is  best  prepared 
from  N -methyl -o-phenylenediamine;  methyl  iodide,  C6H4[N2(CH3)2I]  CH,  m.p. 
144°.  1-Vinylbenzimidazole,  oil,  b.p.  146°  (12  mm.)  ( Meisen ,  Wieger,  J.pr.  102, 
45).  2-Methylbenzimidazole,  o-phenyleneacetamidine,  C6H4(N2H)C •  CH3,  m.p. 
176°.  2-Phenylbenzimidazole,  phenylenebenzamidine,  C6H4(N2H)C -C6H5,  m.p. 
291  °,  is  also  formed  by  rearrangement  of  o-aminobenzophenone  oxime  [  Auwers,  v. 
M ay enburg ,  Ber .  24 ,  2386 ;  Wheeler,  Am.Chem. J.  17  (1897),  397].  2-(o-Amino- 
phenyl) -benzimidazole,  C6H4(N2H)CC6H4[2]NH2,  m.p.  211°,  condenses  with 
formic  acid  to  form  an  anhydro  compound:  benzimidazo[ l,2-c]quinazoline, 

n=c-c6h4-n 

||  ,  m.p.  227°;  with  nitrous  acid  the  corresponding  triazo  com- 
C6H4-N - CH 

pound,  m.p.  208°,  is  formed  ( v .  Niementowski,  Ber.  32,  1456).  For  2-(o-,  m- 
and  p-aminophenyl) -benzimidazole  and  their  reactions,  see  Miklaszewski,  v. 
A7V  pm  imn  q/t  ^  nor  34- 

2,5(or  2,6)-Dimethybenzimidazole ,  CH3C6H3(N2H)CCH3,  m.p.  199°,  from 

l, 3,4-toluenediamine  with  glacial  CII3C02H  or  CH3CHO.  Application  of  method 
2  (seep.  132)  to  the  two  nitroetliyltoluidines,  CH31 1]C6H3[3]N02[4]NHC2H6  and 
CH3[1]C6H3[4]N02[3]NHC2H5,  gives  two  isomeric  l-ethyl-2,ilz-dimethylbenz- 
imidazoles,  m.p.  87°  and  93°;  when  the  hydrochlorides  of  these  isomers  are 
heated,  ethyl  chloride  is  eliminated,  and  the  same  2,5(or  2,6)-dimethylbenz- 
imidazole  is  obtained  from  each  of  the  two.  2,5(or  2,6)-Dimethylbenzimidazole 
and  methyl  iodide  give  two  isomeric  l,2,B;s-trimethylbenzimidazoles,  m.p.  123° 
and  142°,  which  are  also  obtained  from  the  two  N-methyl-o-toluenediamines  with 
glacial  acetic  acid ;  with  methyl  iodide  they  both  form  the  same  addition  product, 

m. p.  221°  ( Fischer ,  J.pr.  73,  424).  The  following  equations  illustrate  these 
relationships : 
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CH3  C  •  CH:C-N(CoH5) 

II  I 

CH-CHiC - N 

CHa-C  •  CH:C - N 

II  I 

CH-CH:C-N(C2H5> 

CHj  C  •  CH :  C  •  N 


C-CIIj— 

VlCH3— 


-C2H6CI 
- > 


CH3C  •  CH:C-N(CH3) 


CH  •  CH :  C  •  N 


‘  1  hNc-cHs 

•n.M/ 


ch3i 


CH  •  CH :  C 
CH3C  •  CH:C 


-N 

-N 


CCH, 


Sc-CH, 
CH-CH:C-N(CHjK 


Like  the  4(5)-alkylimidazoles  (p.  127),  2,5 (or  2,6) -dimethylbenzimidazole 
is  virtually  a  tautomeric  substance  ( cf .  Fischer ,  Rigavd,  Ber.  34,  4202).  With 
silver  nitrate  it  gives  a  silver  salt,  C7H6(C2H3N2Ag) .  Chloride  of  lime  attacks 
the  imine  hydrogen,  replacing  it  with  a  chlorine  atom,  which,  in  boiling  benzene 
solution,  changes  place  with  a  hydrogen  atom  on  the  benzene  ring;  this  process 
of  chlorination  can  be  repeated  until  all  the  hydrogen  atoms  of  the  benzene 
nucleus  are  replaced  by  chlorine,  and  l-chloro-2,R2-dimethyltrichlorobenzimid- 
azole,  CH3-C6C13(N2C1)C*CH3,  is  obtained.  l-Acetyl-2,Bz-dimethylbenzimida- 
zole,  C7H6(C2H3N2*COCH3),  is  formed  from  the  silver  salt  with  acetyl  chloride, 
and  the  1  -benzoyl  compound,  m.p.  92°,  from  the  base  with  benzoyl  chloride. 
Benzoyl  chloride  and  aqueous  sodium  hydroxide  decompose  it  to  dibenzoyltoluene- 
diamine.  With  benzaldehyde  it  condenses  to  2-styryl-5(6)-methylbenzimidazole, 
C7H6(N2H)C-CH:CHC6H5,  and  with  phthalic  anhydride  to  a  phthalone  (cf. 
quinophthalone) ,  which  is  oxidized  by  KM11O4  to  5(6)-methylbenzimidazole-2- 
carboxylic  acid,  C8H7N2-COOH. 

Naphth[  1,2] imidazole,  Ci0H6(N2H)CH,  m.p.  174°,  is  converted  by  means  of 
chromic  acid  to  4,5-benzimidazoledicarboxylic  acid,  (COOH)2[4,5]C6H2(N2H)CH 
(numbering,  p.  131),  m.p.  251°  ( Fischer ,  Ber.  32,  1312).  1-Methylphenanthr- 
[9, 10] imidazole,  epiosin,  (C6H4)2C2(N2-CH3)CH,  m.p.  195°,  is  prepared  from 
9-hydroxy-10-phenanthrylamine  (Vol.  Ill)  by  heating  with  alcoholic  methylamine 
solution;  it  has  a  physiological  action  similar  to  morphine  [Vahlen,  Arch. exp. 
Path.Pharm.  47  (1902),  368].  For  polymeric  benzimidazoles,  see  Fischer, 
Wreszinski,  Ber.  25,  2712. 

CH2 — N — C6H4 


1 1  -Isoindolo  [  2, 1  -a]  benzimidazole , 


benzylenebenzimidazole , 


m.p.  210°,  is  formed  by  the  condensation  of  phthalaldehyde  with  o-phenylene- 
diamine.  By  careful  oxidation  with  KMn04  it  can  be  converted  to  11-isoindolo- 

CO— N— C6H4 

[2,l-a]benzimidazol-ll-one,  |  |  |  ,  yellow  needles,  m.p.  213°,  which  is 

C6H4C=N 

the  lactam  of  2-phenylimidazole-4-carboxylic  acid,  m.p.  266°;  the  latter  is  also 
obtained  by  condensation  of  o-phenylenediamine  with  phthalic  anhydride  or  0- 
phthalaldehydic  acid  and  by  reduction  of  N-phenyl-o-nitrophthalimide  ( Rupe , 
Thiess,  Ber.  42,  4287) . 

Benzimidazole -2 -propionic  acid,  m.p.  236°  (with  foaming),  from  o-phenylene¬ 
diamine  and  succinic  acid  (Willstatter ,  Stoll,  Ann.  415,  37) ;  ethyl  ester,  m.p.  136°; 
methyl  ester,  m.p.  145°. 

2,2'-Bibenzimidazole  is  formed  by  reduction  of  o,o'-dinitrooxanilide  ( Buchta , 
Ann. 209,  257): 


C6H4< 


NH— CO— CO— NI4 
N02  02N 


c6h4 


H 


c6h,<  Sc—ce  >c,h 

XNH/  \ntt/ 


N 

NH' 


Benzobisimidazoles  are  prepared  from  o-diaminobenzimidazoles  with  carboxylic 
acids  ( Nietzki ,  Schmidt,  Ber.  22,  1652) : 
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CH3-C 


\NH- 


■c6h2< 


•nh2 

nh2 


+  CH3COOH 


CH-rC/  N 

\NH/ 


N  \C-CH, 
NH/ 


HYDROGENATED  BENZIMIDAZOLES,  BENZIMIDAZOLINES,  have  not 
been  identified  with  certainty.  The  primary  products  resulting  from  the  inter¬ 
action  of  monoalkylated  o-diamines  and  aldehydes  are  probably  benzimidazolines; 
they  are  readily  converted  to  benzimidazoles  by  elimination  of  hydrogen  ( Fischer , 
Ber.  25,  2827).  The  condensation  products  of  acetoacetic  ester  with  o-toluene- 
diamine  behave  similarly  ( Autenrieth ,  Hinsberg,  Ber.  25,  606).  The  action  of 
methylene  iodide  on  N,N'-diphenylsulfonyl-o-phenylenediamine  yields  1,3-di- 

/N(S02C6H5)x 

phenylsulfonylbenzimidazoline,  C6H4<(  >CH2,  m.p.  148°  {Hinsberg, 

xN(S02C6H6K 

Strupler,  Ann.  287,  220). 

The  compounds  obtained  by  reduction  of  acylated  o-nitranilines  with  ammo¬ 
nium  sulfide  or  tin  and  hydrochloric  acid  are  apparently  derivatives  of  hydrobenz¬ 
imidazoles;  when  heated  with  zinc  dust  they  yield  benzimidazoles  ( v .  Niemen- 
towski,  Ber.  43,  3012) : 


C6H 


4' 


NH  COCH3 

no2 


/NH— CH 

Oxazirobenzimidazole,  C6H4\  ,  m.p.  210°,  from  o-nitroformanilide 

XN - O 

with  (NH4)2S,  is  easily  rearranged  by  various  reagents  to  the  isomeric  2(3)- 
benzimidazolone  (see  below).  2-Methyloxazirobenzimidazole,  m.p.  251°. 

BENZIMIDAZOLINOLS  are  formed  from  the  alkyl  halide  addition  products  of 
N-alkylbenzimidazoles  with  aqueous  alkali,  and  from  N,N '-dialky  1-o-phenylene- 
diamines  with  carboxylic  acids.  Their  reversion  to  the  latter  components  is  dis¬ 
cussed  above.  With  hydriodic  acid  they  regenerate  the  alkyl  iodides  of  the  1- 
alkylbenzimidazoles.  Oxidation  converts  them  very  readily  to  the  stable  2(3)- 
benzimidazolones  (see  below).  1,3-Dimethylbenzimidazolinol,  C6H4(NCH3)2- 
CH(OH),  m.p.  74°,  when  boiled  with  aq.  sodium  hydroxide  is  split  into  formic 
acid  and  N,N  '-dimethyl-o-phenylenediamine.  With  acetic  anhydride  the  latter 
gives  1,2,3-trimethylbenzimidazolinol,  C6H4(NCH3)2C(OH)CH3,  m.p.  164°. 
5-Nitro-l,3-dimethylbenzimidazolinol,  m.p.  128°,  from  the  methyl  iodide  with 
soda  or  ammonia,  is  decomposed  even  by  cold  aqueous  sodium  hydroxide.  1- 
Phenyl-3-methylbenzimidazolinol,  m.p.  168°,  resistant  to  splitting.  1, 3,4,6- 
Tetrameihylbenzimidazolinol,  (CH3)2CcH2(NCH3)2CH(OH) ,  m.p.  135°,  decom¬ 
poses  when  heated  with  alcoholic  sodium  hydroxide  solution  under  pressure 
( Fischer ,  Ber.  34,  936;  J.pr.  73,  419;  Fischer,  Rigaud,  Ber.  34,  4202;  Fischer, 
Hess,  Ber.  36,  3967). 

OXO-,  THIO-  and  IMINOBENZIMIDAZOLINES  are  cyclic  phenyleneureas, 
thioureas,  and  guanidines;  they  are  prepared  from  o-diamines  with  COCl2  and 
CSC12  or  CS2,  with  urea  and  thiourea  or  ammonium  thiocyanate,  or  with  phenyl 
isothiocyanate  and  carbodiphenylimide  (see  below) : 


COCh 
< - 

(CSCh) 


C(NC„H5)2 

- » 


C:NC«H6 


In  many  respects  these  compounds  behave  as  hydroxy,  mercapto  and  amino 
derivatives  of  benzimidazoles,  and  therefore  may  have  either  of  these  two  for¬ 
mulas  : 


(I) 
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2(3)-Benzimidazolone,  o-phenyleneureci,  C6H4(N2H2)CO,  m.p.  308°,  can  also 
be  prepared  from  o-aminophenylurethan  ( Lieberrnartn ,  Ber.  12,  1296;  Hartmann , 
Ber.  23,  1047;  Kym,  J.pr.  75,  323).  Methyl-2(3)-benzimidazolone,  G/He- 
(N2H2)CO,  m.p.  290°,  also  from  2-ethoxymethylbenzimidazole,  C7H6(N2H):- 
C(OC2H6) ,  m.p.  163  °,  the  product  of  the  reaction  of  imidocarbonic  acid  ester  and 
o-toluenediamine,  by  saponification.  1,3 -Dimethyl -2 (3)  -benzimidazolone,  C6H4- 
(NCH3)2CO,  m.p.  110°,  is  formed  by  oxidation  of  1,3-dimethylbenzimidazolinol 
(see  above  and  Pinnow ,  Samann,  Ber.  32,  2187). 

Thiobenzimidazolone,  o-phenylenethiourea,  C6H4(N2H2)CS,  m.p.  298°  (dec.), 
from  phenylenediamine  thiocyanate  ( Lellmann ,  Ann.  221,  9;  228,  244).  Benz¬ 
imidazolone  2-anil,  o-phenylenephenylguanidine,  C6H4(CN3H2C6H5) ,  m.p.  188°, 
from  carbodiphenylimide  and  o -phenylenediamine  ( Gabriel ,  Heymann ,  Ber.  23, 
2498) . 


9.  OXAZOLES 


13] 

[41  HC — Ns. 

*  ||  NCH  [2] 

[5]  HC—  (V 
Id 

In  the  older  literature,  n  is  used  for  position  2,  and  a  and  /3  for  positions  4  and  5. 
See  page  143. 

The  oxazoles  are  isomers  of  the  isoxazoles.  They  are  prepared:  ( 1 )  By  con¬ 
densation  of  a-halogeno  ketones  with  carboxylic  acid  amides  ( Lewy ,  Ber.  20, 2576; 
21,  2195) : 


c6h5co 


CH2Br 


+ 


h2n 

0 


CCHS 


C6H5C - Nv 

II  >cch3 

CH— (V 

2-Methyl-4-phenyloxazole 


The  ketone  and  the  amide  probably  react  in  the  hydroxyl  form  (cf.  p.  90,  general 
syntheses  of  the  azoles) . 

(2)  From  acylated  a -amino  ketones  by  the  action  of  PC15  or  concentrated 
H2S04  ( Gabriel ,  Ber.  43,  1283;  Kohn,  Beem,  J.  95,  2167),  analogous  to  the  forma¬ 
tion  of  furans  from  1,3 -dicarbonyl  compounds  (p.  15) : 


CH2 — NHs 


CH3CO 


CO-CH3  or 


CH- 


CH3COH  HCK 


nc-ch3 


h2o 


CH— N 


ch3c- 


-0 


c-ch3 


( 3 )  From  benzoin  and  acid  nitriles  with  concentrated  H2S04  {Japp,  Murray, 
J.  63  (1893),  469): 


c6h5co 
I 

c6h6choh 


+  N=CCH3 


C6H5C— Nv 

II  >cch3 
c6h5c— ck 

2-Methyl-4,5-diphenyloxazole 


Triphenyloxazolone,  m.p.  136°,  is  formed  from  benzilic  acid  and  benzonitrile 
with  concentrated  sulfuric  acid  {Japp,  Findlay,  Proc.Chem.Soc.  15  (1899),  165) : 


COOH+N 

I 

(C6H5)2C — OH 


% 


c  •  c6h5 


CO— N 


(C6H5)2C- 


Sc— c6h5 

C V 


2,5,5-Triphenyl-4-oxazolone 


{4)  From  mandelonitrile  and  its  homologues  with  benzaldehyde  in  the  pres¬ 
ence  of  gaseous  hydrogen  chloride  {Minovici,  Ber.  29,  2097) : 
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C6H5CHOH 

I 

C=N 


+  och-c6h5 


c6h5c - Ov 

■*  II  >cc6h5 

CH — N' 

2, 5-Diphenyl  oxazole 


Properties . — The  oxazoles  are  weak  bases.  The  lower  members  of  the  series 
smell  like  pyridine  and  are  miscible  with  water.  I  When  evaporated  with  hydro¬ 
chloric  acid  they  decompose  into  carboxylic  acids  and  amines.  Oxidizing  and 
reducing  agents  open  the  oxazole  ring  of  some  derivatives  easily,  while  others  are 
more  stable.  The  parent  substance  of  the  group  is  not  known. 

4-Phenyloxazole,  m.p.  46°,  b.p.  222°,  is  prepared  from  formamide  with  co- 
bromoacetophenone.  2-Methyl-4-phenyl-  and  4,5-diphenyloxazole,  m.p.  45°, 
b.p.  242°,  and  m.p.  44°,  b.p.  192-195°  (15  mm.),  respectively.  5-Methyl-2- 
phenyloxazole,  b.p.  240°,  from  benzamide  and  chloroacetone,  is  converted  by 
alcoholic  NH3  to  phenylmethylimidazole.  2,4-Dimethyloxazole,  b.p.  108°,  from 
acetamide  and  chloroacetone  according  to  method  1  (see  above)  ( Oesterreich ,  Ber. 
30,  2254).  2,5-Dimethyloxazole,  b.p.  118°  ( Gabriel ,  Ber.  43,  1287),  from  acet- 
aminoacetone  and  PC15.  2-Methyl -5-phenyloxazole,  m.p.  59°,  b.p.  255°,  from 
acetaminoacetophenone  by  method  2. 

2,5-Diphenyloxazole,  m.p.  74°,  b.p.  over  360°,  from  benzamide  and  phenyl - 
bromoacetaldehyde  by  method  3,  from  benzoylaminoacetophenone  by  method 
2,  and  from  mandelonitrile  and  benzaldehyde  by  method  together  with  bhnzal- 
malonamide  ( Fischer ,  Ber.  29,  205).  Oxidation  with  chromic  acid  converts  it.  to 
N -phenylglyoxylylbenzamide,  C6H5CO-CO-NH-COC6H5,  and  reduction  with 
sodium  and  alcohol,  to  1  -phenyl-2 -benzylaminoethav ol ,  C6HftCH2NH  CH2-  - 
CH(OH)C6H5.  When  heated  with  ammonia  it  gives  diphenylimidazole.  2,4,5- 
Triphenyloxazole,  benzilam,  m.p.  115°,  has  been  observed  among  the  products  of 
the  reaction  of  ammonia  and  benzil  ( Firmer ,  Ber.  35,  4137) ;  it  is  more  advan¬ 
tageously  prepared  from  benzoyldesylamine,  CeHs-CO-CH^CeHs)  -NH  CO-- 
C6H5,  by  brief  heating  with  concentrated  H2SO,j,  according  to  method  2  (p.  136). 

DIHYDROOXAZOLES,  OXAZOLINES,  are  formed  by  condensation  of  the 
/3-halogenoalkylamides  of  carboxylic  acids  by  means  of  alkali  ( Gabriel ,  Ber.  22, 
2220).  Benzimidyl  chloroethyl  ether  when  warmed  gently  rearranges  to  the 
hydrochloride  of  phenyloxazoline ;  at  100°  the  latter  rearranges  to  chloroethyl- 
benzamide  (Wislicenus,  Korber ,  Ber.  35,  164) : 


C6H5C< 


-ch2 


HCl 


*NH  CH2C1 


c6h5c< 


ch2 


\N-CH2 


HCl  O  CH2C1 

7" - >  C6HsC<f  | 

NaOH  \NH-CH, 


2-Phenyloxazoline,  b.p.  243°,  is  split  by  sodium  and  amyl  alcohol  to  2- 
(benzylamino) -ethanol,  HOCH2-CH2-NH-CH2-C6H5  ( Gabriel ,  Stelzner,  Ber.  29, 
2382).  2-Methyloxazoline,  b.p.  110°,  picrate  m.p.  159°  (Gabriel,  Hey mann ,Ber . 
23,  2502).  2, 4-Dime thyloxazoline,  b.p.  118°,  from  /3-bromopropyl acetamide. 

4-Methyl -2-phenyloxazoline,  b.p.  244°,  is  also  obtained  from  allylbenzamide, 
C6H5CO  •  NH  •  CH2 •  CH :  CEh,  with  H2S04  ( Eitner ,  Wetz,  Ber.  26,  2840;  Uedinck , 
Ber.  32,  967). 

The  lactone-like  anhydrides  of  a-benzoylamino  fatty  acids  such  as 


C6H6-C< 


)— CO 

s  I 
— CHCH3 


are  oxodihydrooxazoles  or  oxazolones.  2,5,5-Triphenyl-4-oxazolone,  m.p.  136°; 
for  its  synthesis  according  to  method  3,  see  above. 

TETRAHYDROOXAZOLES,  OXAZOLIDINES.  These  are  the  condensation 
products  of  aldehydes  with  amino  alcohols  ( Knorr ,  Matthes,  Ber.  34,  3484) : 

HO-CH2  /O — ch2 

RCHO  +  I  - »  RCH<  | 

R'NH-CH2  xNR'-CH2 

They  are  distillable  liquids,  which  are  readily  hydrolyzed  into  their  components. 

3-Methyloxazolidine,  b.p.  100°;  2-methyloxazolidine,  b.p.  141°;  2,3-dimethyl- 
oxazolidine,  b.p.  109°;  2-phenyloxazolidine,  b.p.  284°.  Another  member  of 
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this  group  is  the  product  of  the  reaction  of  1-aminopropylene  glycol  and  benzalde- 
hyde,  2-phenyl-5-(hydroxymethjd)-oxazo!idine,  m.p.  75-79°,  which  is  of  use  in 
the  preparation  of  glycerides  ( Bergmann ,  Brand ,  Dreyer,  Ber.  54,  936,  949; 
Bergmann,  Z. physiol.  Chem.  137,  27;  Vol.  I,  p.  585). 

AMINOOXAZOLINES  or  iminooxazoli  dines  (see  below)  are  also  known  as 

CH2— Nv 

alkylene-/3 -ureas:  2-aniinooxazoline,  |  y>CNH2,  picratem.p.  158°,  and  2- 

CH2— O' 

amino -5-methyloxazoline,  picrate  m.p.  186°,  obtained  from  d-bromoethyl-  and 
/3-bromopropyl amine  with  potassium  cyanate.  4, 5-Diphenyl -2-aminooxazoline, 
m.p.  154°,  from  diphenylhydroxyethylamine  with  potassium  cyanate  ( Soder - 
baum,  Ber.  28,  1899). 

OXOTETRAHYDROOXAZOLE  derivatives  result  from  the  elimination  of  IIC1 
from  j3-halogenoalkyl  esters  of  carbamic  acid  [ Johnson ,  Guest,  Am. Chem. J.  44 
(1911),  4531,  and  dioxo  derivatives  from  the  phenylurethans  of  a-hydroxycar- 
boxylic  acid  esters  ( Lambling ,  C.r.  127,  188;  Bull.  [3]  27,  606) : 


C6H5NH  CICHo 


CO 


O 


CH2 


c6h5n — ch2v 

->  I  >ch2, 

CO— o— ' 


C6II5NH  roco 


co- 


o 


ch2 


c6h5n — cox 

->  |  >ch2 

CO— (V 


The  action  of  1,2-chlorohydrins,  their  homologues  or  alkylene  oxides  on  sodium 
cyanamide  produces  2-iminooxazolidines  (Fromm,  Honold,  Ber.  55,  902;  Joseph- 
son,  Ann.  467,  292) : 


N- 

Na  Cl 

NaN=C 

+ 

HO 

CH2 


HN 

ch2 

N 

CH 

1 

1  - 

— >  II 

1 

HN  :C 

ch2 

h2n-c 

CH 

The  iminooxazolidines  (I)  are  tautomeric  substances  which  can  also  react  as  2- 
aminooxazolines  (II)  fsee  above);  with  phenyl  isothiocyanate  they  give  two 
isomeric  series  of  phenylthioureas  ( v .  Auwers,  Hilligcr,  Widf,  Ann.  429,  241). 


10.  BENZOXAZOLES 


x 


[5]  [4]  [3] 

H  C=H  C — C — N  x 

I  ||  Sen  [2i 

HC=CH— -C — Cr 

[6]  [7]  [1] 


As  benzimidazoles  are  formed  from  o-phenylenediamines,  so 
benzoxazoles  are  prepared  from  o-aminophenols,  by  heating  with 
carboxylic  acids  or  their  derivatives: 

/0\ 

+  ch3co,h  =  c6h4<  >cch3  +  2H20 

\n^ 


The  benzoxazoles,  also  known  as  alkenylaminophenols,  are  weak 
bases;  when  warmed  with  acids  they  are  split  into  their  components. 
Several  benzoxazole  derivatives  are  substantive  cotton  dyes  (Lell- 
mann ,  Ebel,  Ber.  28,  1127;  Kym,  Ber.  32,  1427). 

/0\ 

BENZOXAZOLE,  methenylaminophenol,  C6H4d  )>CH,  m.p.  31°,  b.p.  183°, 

Nne 
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volatile  with  steam,  is  obtained  by  heating  o-aminophenol  with  formic  acid  or  by 
heating  o-formylaminophenol  to  160-170°.  It  hydrolyzes  to  formylami nophenol 
in  boiling  water.  Benzoxazole  is  similar  to  the  isomeric  anthranil  (Bamberger , 
Ber.  36,  2054).  When  heated  with  CH3I  it  forms  a  methyl  iodide,  m.p.  183° 
(dec.),  which  is  split  by  dilute  mineral  acid  to  N -methyl -o-aminophenol. 
Benzoxazoles  are  also  formed  from  many  oximes  of  aromatic  o -hydroxy ketones 
by  Beckmann  rearrangement,  if  the  oxime  is  in  the  anti  form  in  relation  to  the 
hydroxyl  substituted  aromatic  nucleus  (v.  Auwers,  Jordan ,  Ber.  58,  26;  Meisen- 
heimer,  Zimmermann ,  v.  Rummer,  Ann.  446,  205;  M eisenheimer ,  Hanssen, 
Wachterowitz,  J.pr.  119,  315).  2-Methylbenzoxazole,  ethenylaminophenol ,  b.p. 
201  °.  2-Phenylbenzoxazole,  m.p.  103  °,  is  also  prepared  by  reduction  of  benzoyl- 
o-nitrophenol  [ Ladenburg ,  Ber.  9,  1526;  Wheeler,  Am.Chem.J.  17  (1896),  397; 
Hiibner,  Ann.  210.  384].  2,4,6-Trimethylbenzoxazole,  m.p.  28.5°,  from  the 
ant?' -oxime  of  2-acetyl -3, 5-xylenol  by  the  Beckmann  rearrangement  (v.  Auwers, 
Jordan,  Ber.  58,  32);  5-methyl-2-phenylbenzoxazole,  m.p.  104°.  2-Phenyl- 
5,7-dimethylbenzoxazqle,  m.p.  99-100°  (M eisenheimer ,  Hanssen,  Wachterowitz, 
J.pr.  119,  340).  6-Methyl -2-(p-aminophenyl) -benzoxazole,  m.p.  188°,  is  pre¬ 
pared  by  reduction  of  p-nitrobenzoyl-ra-nitro-p-cresol;  its  diazo  compound 
couples  with  2-naphthol  and  similar  compounds  to  give  carmine-red,  acid-stable, 
substantive  cotton  dyes.  For  the  preparation  and  properties  of  a  number  of  2- 
alkylbenzoxazoles,  see  Skraup,  Ann.  419,  1. 

Hj'droxy  and  mercapto  derivatives  of  benzoxazoles  are  prepared  from  o-amino- 
phenols  with  COCl2  or  C1COOR  and  CS2  or  CSC12,  amino  derivatives  from  the 
hydroxy  or  mercapto  derivatives  by  heating  with  amines.  As  in  the  case  of  the 
analogous  benzimidazole  compounds  (p.  135),  two  formulas  are  possible  for  these 
compounds : 


C-SH 


c6h4/°\c-nh2 

\n^ 


2-Benzoxazolol 

/  O  \ 

c6h<  >co 

XNH/ 

2  (3)-Benzoxazolone 


2-Benzoxazolethiol 


2-Thio-2(3)-benzoxazolone 


2-Aminobenzoxazole 

CJa/  VkNH 

xnh/ 

2-Imino-2,3-benzoxazoline 


Alkyl  derivatives  of  both  forms  of  hydroxybenzoxazole  have  been  prepared ;  the 
members  of  one  series  are  O -alkyl  derivatives,  or  lactim  ethers,  while  the  members 
of  the  other  series  are  N -alkyl  derivatives,  or  lactam  ethers.  The  aminobenzoxaz- 
oles  also  form  isomeric  alkyl  derivatives. 

2-Benzoxazolol,  carbonylaminophenol,  m.p.  137°,  is  also  prepared  by  the  action 
of  thionyl  chloride  on  salicylhydroxamic  acid  ( Beckmann  rearrangement)  (Mar¬ 
quis,  C.r.  143,  1163)  and  by  heating  acetylsalicylhydroxamic  acid  or  o-acetoxv- 
benzoic  acid  azide  in  benzene  solution  (Lindemann,  Schultheis,  Ann.  451, 
243) .  It  is  insoluble  in  alkali.  With  ethyl  iodide  it  gives  an  N-ethyl  derivative, 
1 -ethyl -2-benzoxazolone,  m.p.  29°;  2-ethoxybenzoxazole,  b.p.  225-230°,  is  ob¬ 
tained  from  imidocarbonic  acid  ether  with  o-aminophenol  (Sandmeyer ,  Ber.  19, 
2655).  1 -Benzoyl -2-benzoxazolone,  m.p.  174°  (Ransom,  Ber.  31,  1055).  A 

dibromobenzoxazolone,  C6H2Br2(C02NH),m.p.255°,  is  formed  from  salicylamide 
with  KOBr  (van  Dam,  Rec.  18,  408) .  2-Benzoxazolethiol  (formula given  above) , 
m.p.  193-196°,  soluble  in  alkalies  and  ammonia,  is  prepared  from  aminophenol 
hydrochloride  with  potassium  xanthogenate  or  from  o-aminophenol  and  CS2  in 
alcoholic  solution. 

2-Aminobenzoxazole,  m.p.  130°,  isomeric  with  2(3)-benzimidazolone  (p.  136), 
is  prepared  from  o-hydroxyphenylthiourea  by  elimination  of  H2S  by  means  of 
HgO,  and  from  benzoxazole  by  treatment  with  hydroxylamine  (Skraup,  Ann. 
419,1). 

Benzoxazolyl  alkyl  ketones  are  not  known,  but  2-benzoylbenzoxazole  is  ob¬ 
tained  from  2-benzylbenzoxazole  through  the  oximino  derivative  (Skraup,  Moser, 
Ber.  55,  1096). 

2-Benzoxazolecarboxylic  acid,  m.p.  85°,  is  prepared  by  oxidation  of  2-methyl- 
benzoxazole,  or  more  smoothly  from  2-o-hvdroxyphenylbenzoxazole  with  potas¬ 
sium  permanganate  (Skraup,  Moser,  Ber.  55,  1091).  The  silver  and  mercurous 
salt  are  sparingly  soluble  in  water. 


\ 

N 
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Naphthoxazoles :  Fischer ,  J.pr.  73,  438;  v.  Meyer,  J.pr.  92,  258;  Jacobson, 
Ber.  21,  414;  Jacobson,  Schenke,  Ber.  22,  3241. 

Dioxoanthroxazoles:  Ullmann,  Junghaus,  Ann.  399,  331. 

11.  THIAZOLES 


[3] 

[4]  HC — Nv 

||  >CH  [2] 
[&]  HC — S' 

[i] 


In  the  older  literature  n  indicates  the  2-position,  and  a  and  /3  indicate  the  4- 
and  5-positions.  See  page  143. 


As  the  oxazoles  are  obtained  from  the  carboxylic  acid  amides,  so 
the  thiazoles  are  formed  from  the  thioamides  with  a-halogeno 
aldehydes  or  ketones  ( cf .  p.  136) : 


H  C:0  HN\ 

I  +  >c-ch3 
h2cci  hs' 

Chloroacetalde-  Thioacetamide 
,hyde 


HC— Nv 

II  >c-ch3 

HC — S' 

2-Methylthiazole 


The  preparation  of  thiazoles  from  acylated  a-amino  ketones  by  heating  with 
phosphorus  sulfide  is  analogous  to  the  formation  of  thiophenes  from  1,3-dioxo 
compounds  (p.  15)  ( Gabriel ,  Ber.  43,  1283): 


CH2 — NHn 


ch3co 


oo-ch3 


P2S5 


CH— Ns 


CH3C- 


>CCHs 


In  the  same  way  5-alkoxythiazoles  are  obtained  from  acylated  a-amino  car¬ 
boxylic  acid  esters  and  P2S5  ( Miyamichi ,  J.Pharm.Soc.  Japan  1926,  No.  528,  16). 

Thiazole  and  its  homologues  are  prepared  also  from  2-aminothiazoles  (p.  141) 
through  the  diazo  compounds,  as  benzene  is  obtained  from  aniline. 

Behavior. — While  thiophene  resembles  benzene,  thiazole  and  its  derivatives 
correspond  in  their  physical  and  some  of  their  chemical  properties  to  the  pyridines. 
Thiazole  may  be  considered  to  be  derived  from  pyridine  by  replacement  of  a 
CH=CH -group  by  an  S-atom  (p.  4) .  The  thiazoles  are  tertiary  bases  and  form 
addition  products  with  alkyl  iodides.  They  are  usually  resistant  to  oxidizing 
agents;  KMn04,  however,  splits  out  the  sulfur  as  H2S04.  For  spectrochemical 
data  on  the  thiazoles,  see  v.  Auwers,  Ernst,  Z.physik.Chem.  122  (1926),  217. 

THIAZOLE,  b.p.  117°,  with  an  odor  like  pyridine,  is  prepared  from  2-amino- 
thiazole  with  N203  and  alcohol,  and  from  chloroacetaldehyde  and  thioformamide 
(W illstdtter ,  Wirth,  Ber.  42,  1918);  C3H3NS-HC1- AuC13,  m.p.  248-250°  (dec.); 
C3H3NS-HgCl2,  m.p.  202-204°.  5-Methylthiazole,  m.p.  232°,  from  the  amino 
compound  and  also  from  methylthiazolol  by  distillation  with  zinc  dust  (Popp, 
Ann.  250,  279);  the  isomeric  2-methylthiazole,  b.p.  128°,  with  an  odor  like 
picoline,  is  formed  from  monochloroacetaldehyde  and  thioacetamide.  2,4- 
Dimethylthiazole,  b.p.  145°,  from  chloroacetone  and  thioacetamide,  is  decom¬ 
posed  by  reduction  with  sodium  and  alcohol  to  ethylisopropylamine  and  H2S. 
2,5-Dimethylthiazole,  b.p.  153°  (758  mm.),  from  acetamidoacetone  and  P2S6. 
The  methyl  group  in  the  2 -position  possesses  a  reactivity  similar  to  a  methyl 
group  on  a  pyridine  ring  ( Schuftan ,  Ber.  27,  1009).  2,4,5-Trimethylthiazole, 
b.p.  167°;  4-phenylthiazole,  m.p.  52°,  b.p.  273°.  2-Methyl-5-phenylthiazole, 
m.p.  81°,  from  acetamidoacetophenone  and  P2S6;  2-phenyl -5-methylthiazole, 
b.p.  283°,  from  benzoylaminoacetone  and  P2Ss;  2,5-diphenylthiazole,  m.p. 
a04°,  from  benzoylaminoacetophenone  and  P2S5.  2,4-Diphenylthiazole,  b.p. 
153°  (758  mm.).  2,4,5-Triphenylthiazole,  m.p.  87°,  from  thiobenzamide  and 
bromodesoxybenzoin  or  desyl  bromide. 

Halogenothiazoles  are  obtained  from  diazothiazoles  (page  141)  with  concen¬ 
trated  hydrohalogen  acids:  2-chlorothiazole,  b.p.  145°;  2-bromothiazole,  b.p. 
171°. 
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2-Aminothiazoles  are  formed  from  a-halogeno  ketones  with  thiom'eas  ( pseudo 
form) : 


ch3*co  hnx 

I  +  >c-nh2 

H2CC1  HS/ 


CH3>C — N 

-►  II  >C-NH2 

HC — 

2-Amino-4-methylthiazole 


s-Dialkylthioureas  give  compounds  which  are  derived  from  iminothiazoline; 
for  the  isomeric  monoalkylaminothiazoles,  see  Ndf,  Ann.  265,  110.  The  amino- 
thiazoles  are  similar  to  the  primary  aromatic  amines;  they  can  be  converted  to 
diazo  compounds,  and  through  these,  to  halogenothiazoles,  thiazoles,  and  thiazole- 
carboxylic  acids. 

2-Aminothiazole,  m.p.  90°,  prepared  from  «,/3-dichlorodiethyl  ether  (enters  the 
reaction  as  monochloroacetaldehyde)  and  thiourea.  Its  nitrate  reacts  with 
N203  to  give  thiazolediazonium  hydroxide,  C3H2(N:NOH)NS,  which  couples 
with  resorcinol,  naphthol,  and  the  like,  to  form  yellow  to  brown  azo  dyes  ( Jaeckle , 
Ann.  246,  40).  2-Amino-4-methylthiazole,  m.p.  42°,  b.p.  136°  (30-40  mm.), 
from  chloroacetone  with  thiourea  or  ammonium  thiocyanate  ( Hantzsch ,  Weber , 
Ber.  20,  3127);  2-amino-4-phenylthiazole,  similarly  from  a-chloroacetophenone 

( Schatzmann ,  Ann.  261,  14).  3, 4-Dimethyl -2-methyliminothiazoline, 

0 

h3cc— n-ch3 

II  >C:NCH3, 

HC— S  ' 

m.p.  96°,  from  chloroacetone  and  s-dimethylthiourea. 

The  similarity  between  the  2-aminothiazoles  and  primary  aromatic  amines, 
which  is  indicated  in  the  diazotization  of  the  amino  group,  is  also  apparent  in  the 
reaction  with  aromatic  aldehydes,  which  produces  derivatives  of  dithiazolyl- 
phenylmethane;  the  latter  can  be  converted  to  dyes  analogous  to  the  triphenyl- 
methane  dyes  [Bogert,  Chertcoff,  Proc. Nat. Acad. Sci.U.S.  10  (1924),  418]. 

Thiazolols  result  from  the  isomerization  of  a-thiocyano  ketones  when  allowed  to 
stand  in  aqueous  bicarbonate  solution  ( Tcherniac ,  Ber.  25,  2608)  or  when  warmed 
with  mineral  acid  ( Hantzsch ,  Ber.  60,  2537) : 


c6h5-co 

I 

h2c*scn 

Thiocyano- 

acetophenone 


CeHs-CO  H2Nv 

|  >co 

H2C - S' 

Carbamylthioacetophenone 


C(OH) 


C6H5  •  C — N: 

II 

HC — S 

4-Phenyl-2-thiazolol, 
m.p.  204° 


4-Methyl-2-thiazolol,  m.p.  106°,  is  prepared  from  its  carboxylic  acid  (see 
below)  by  decarboxylation,  and  from  thiocyanoacetone  with  alkalis  ( Arapedes , 
Ann.  249,  16;  Wohmann,  Ann.  259,  297;  Tcherniac ,  Ber.  25,  3648). 

Mercaptothiazoles  are  formed  by  heating  a-chloro  ketones  with  ammonium 

H3CC— Nk 

dithiocarbamate.  4-Methyl-2-thiazolethiol,  ||  ^>C-SH,  m.p.  90°;  4- 

phenyl-2-thiazolethiol,  m.p.  168°  ( Pinnow ,  Ber.  26,  604). 

Thiazolecarboxylic  acids.  Their  esters  are  produced  by  condensation  of  chloro- 
acetoacetic  ester,  chlorooxalylacetic  ester,  and  the  like  with  thioamides: 


HsC-CO  HNv 

+  >c-ch3 

R02C-CHC1  HS/ 


H3C-C — N: 


\c-ch3 


ro2c-c — S/ 

2,4-Dimethylthiazole-5- 
carboxj4ic  acid  ester 


Amino-,  hydroxy-  and  mercaptothiazolecarboxylic  acids  are  formed  by  similar 
reactions  as  amino-,  hydroxy-  and  mercaptothiazoles,  the  corresponding  oxo- 
carboxylic  acid  derivatives  being  used  in  place  of  the  a-halogeno  or  a-thiocyano 
ketones. 

4-Methyl -5-thiazolecarboxylic  acid,  m.p.  267°;  its  ester  is  obtained  from  amino- 
methylthiazolecarboxylic  acid  ester  (page  142)  by  conversion  to  chlorothiazole- 
carboxylic  acid  ester  and  reduction  of  the  latter.  2-Methyl -4, 5-thiazoledicar- 
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boxylic  acid,  m.p.  169°  (dec.),  from  chlorooxalylacetic  ester  and  thioacetamide. 
2-Methyl-4-thiazoleacetic  ester,  C3H(CH3)  (CH2-COOR)NS,  b.p.  239°,  is  pre¬ 
pared  from  7-bromoacetoacetic  ester  and  thioacetamide. 

2-Amino-4-thiazolecarboxylic  acid,  sulfuvinic  acid,  dec.  245°,  from  dibromo- 
pyruvic  acid;  its  ester,  m.p.  173°,  from  monobromopyruvic  acid  ester  with 
thiourea  ( Steude ,  Ann.  261,  25).  2-Amino-4-methyl-5-thiazolecarboxylic  acid 
ester,  m.p.  175°,  from  a-chloroacetoacetic  ester  and  thiourea;  diazonium  hydrox¬ 
ide,  m.p.  100°  (dec.).  2-Hydroxy-4-methyl-5-thiazolecarboxylic  acid  ester, 
m.p.  128°,  is  obtained  from  «-thiocyanoacetoacetic  ester  ( Wohmann ,  Ann.  259, 
284,  298).  2-Mercapto-4-methyl-5-thiazolecarboxylic  acid  ester,  m.p.  141°, 
from  a-chloroacetoacetic  ester  and  ammonium  dithiocarbamate  ( Miolati ,  Gazz. 
23,  I,  575). 

4,5-Dihydrothiazoles  or  2-thiazolines  are  synthesized :  (I )  From  alkylene  hal¬ 
ides  or  /3-halogenoalkylamines  and  thioamides  ( Gabriel ,  Heymann,  Ber.  24,  785; 
Gabriel,  v.  Hirsch,  Ber.  29,  2610) : 

CH2NH2  HNv  CH2— Nx 

|  +  >C-CH3  - >  |  >C-CH3 

CH2Br  PIS/  CH2 — S' 


( 2 )  From  acyl- (3 -bromoalkylamines  with  P2S5  ( Salomon ,  Ber.  26,  1328) : 


C6He 


/NH— CHo 

<  I 

^O  CH2Br 


P2S6 
- > 


/N— CH2 
C6H5-C<f  | 

\s— ch2 


The  thiazolines  are  much  more  easily  split  than  the  thiazoles.  2-Thiazo- 
line,  oil  with  an  odor  resembling  pyridine,  b.p.  139°,  is  prepared  according  to 
method  1  ( Willstatter ,  Wirth,  Ber.  42,  1919).  2-Methyl-2-thiazoline,  b.p.  145°, 
gives  /3-aminoethanethiol  when  evaporated  with  hydrochloric  acid.  2-Phenyl -2- 
thiazoline,  b.p.  276°,  is  prepared  from  benzoyl-/9-bromoethylamine  with  P2S5  and 
from  aminothiazoline  (see  below)  by  treatment  with  nitrous  acid  in  benzene, 
analogous  to  the  formation  of  diphenyl  from  diazobenzene  and  benzene-  ( Gabriel , 
Leupold,  Ber.  31,  2833);  when  oxidized  it  yields  benzoyltaurine  ( Gabriel ,  Hey¬ 
mann,  Ber.  23,  158) : 

CH2— Sv  o  ch2— so3h 

I  >cc6H6  - >  I 

CH2 — W  CH2 — NH — COC6H5 


5-Methyl-2-o-tolyl-2-thiazoline,  b.p.  295°,  from  N-0-bromopropyl-o-toluylamide 

CH2 — Sx 

andP2S5.  2-Thiazoline -2-thiol,  I  )>CSH,m.p.  107°,  is  formed  from  bromo- 

CH2— N^ 

ethylamine  and  CS2  (Gabriel,  Ber.  22,  1152)  and  from  ethylenimine  (p.  12)  and 
CS2;  when  heated  with  hydrochloric  acid  it  decomposes  into  C02,  H2S,  and  /3- 
aminoethanethiol  (Gabriel,  Leupold,  Ber.  31,  2836). 

Aminothiazoline s  are  alkylene  derivatives  of  pseudothiourea  (Vol.  I,  p.  509) 
which  are  usually  obtained  by  rearrangement  of  allylthioureas  (thiosinamines ,Y ol. 

l,  p.  509) ;  they  often  react  as  2-iminothiazolidines  (cf.  Fromm,  Kapellar -Adler, 

CH2 — sx 

Ann.  467,  243) .  2-Amino-2-thiazoline,  ethylenepseudothiourea,  I  NCNH2, 

CH2— W 

m. p.  85°,  from  bromoethylthiourea  (Gabriel,  Ber.  22,  1140).  2-Anilino-5- 
methyl-2-thiazoline,  N -phenylpropylene-pseudothiourea,  m.p.  117°,  from  allyl- 
phenylthiourea  (Prager,  Ber.  22,2991).  2-Piperidyl-5-methyl-2-thiazoline,  b.p. 
277°,  from  N-allyl-N^N'-pentamethylenethiourea  (Avenarius,  Ber.  24,  265). 
2-Methylamino-4,5-diphenyl-2-thiazoline,  C3H2(C6H5)2NS(NHCH3),  m.p.  155°, 
from  diphenylhydroxyethylamine  (Yol.  Ill,  p.  564)  with  methyl  isothiocyanate 
(Soderbaum,  Ber.  28,  1900). 

The  2(3)-thiazolones  are  derivatives  of  2,3-dihydrothiazole  or  4-thiazoline  and 
are  tautomeric  with  the  2-thiazolols: 
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) 


HC — Nn 


HC— i 


>C— OH 


HC— NH 

II  >co 

HC — S 


2-Thiazolol  2  (3)-Thiazolone 

2(3)-Thiazoloncs  are  readily  formed  from  thiocyanoketones  and  concentrated 
hydrochloric  acid  ( Hubacher ,  Ann.  259,  250;  Hantzsch,  Ber.  60,  2537). 

The  following  are  derivatives  of  tetrahydrothiazole :  2,4(3,5)-thiazole- 

dione  (I),  m.p.  112°,  from  thiocyanoacetic  acid  or  thiocyanoacetamide  by  evapo¬ 
rating  with  acids  ( Miolati ,  Gazz.  23,  1,  90);  2-thio-2,4(3,5)-thiazoledione  rho- 
daninic  acid  (II),  from  chloroacetic  acid  ammonium  thiocyanate  (see  Zipser,  Mo. 
23,  958;  Andreasch,  Mo.  29,  399) ;  2-imino-4-thiazolidone,  pseudothiohydantoin 
(III),  m.p.  71°  [see  Vol.  I,  p.  510;  c/.  Frerichs,  Beckurts,  Arch.Pharm.  238 
(1900),  317] : 

CO— NHV  CO— NIB  CO— NHX 

(I)  |  >CO  (II)  I  >CS  (III)  I  >C:NH 

CH2 - S/  CH2 - s/  CH2 — s/ 

2-Imino-4-thiazolidone-5-acetic  acid,  m.p.  216°  (dec.),  from  chlorosuccinic 
acid  and  thiourea,  is  converted  by  removal  of  the  NH -group  to  2,4(3,5)-thiazole- 
dione -5 -acetic  acid,  m.p.  169°  ( Tambach ,  Ann.  280,  233). 

12.  BENZOTHIAZOLES 


[5] 

16] 


w 


[7]  S 
[1] 


N  [3] 
C  [2] 


GO 


Benzothiazoles,  the  analogues  of  benzimidazoles  and  benzoxa- 
zoles,  are  formed  by  the  following  methods.  ( 1 )  From  o-amino- 
benzenethiol  and  carboxylic  acids  (their  chlorides  or  anhydrides)  by 
elimination  of  water  (Hofmann,  Ber.  13,  1224;  Hauser,  Helv. 
11,  198): 


/NH2  -2H2o  /Nv 

C6H4<  +  R-COOH  - >  C6H<  >C-R 

\SII 

The  o-aminobenzenethiols  used  as  starting  materials  are  readily  obtained  by 
the  action  of  sulfur  monochloride  on  the  hydrochlorides  of  aromatic  amines  (Ger. 
Pat.  300690,  367344,  1914;  Frdl.  XIV,  90S,  912) .  o-Nitrochlorobenzene  and  its 
homologues  can  also  be  used  for  the  preparation  of  benzothiazoles  by  the  above 
method  ( Bogert ,  Snell ,  Am.  46,  1308). 


The  tendency  toward  the  formation  of  the  benzothiazole  ring  is 
so  great  that  under  certain  conditions  hydrogen  is  spontaneously 
eliminated.  Thus,  benzothiazoles  are  formed  from  the  hydro¬ 
chlorides  of  o-aminobenzenethiols  and  aldehydes,  in  a  reaction 
similar  to  method  1,  in.  place  of  the  expected  benzothiazolines 
(Bogert,  Stull,  Am.  47,  3078). 

( 2 )  From  acid  anilides  by  heating  with  sulfur,  or  from  thioanilides  by  oxida¬ 
tion  with  potassium  ferricyanide : 


CdR-Nv 

>c-c6h5 

HS/ 

Thiobenzanilide 


O  /Nv 

— >  c6h4<^^>c-c6h6 

2-Phenylbenzothiazole 


144  FIVE-MEMBERED  RINGS  WITH  TWO  HETERO  ATOMS 


Phenylbenzothiazole  is  also  formed  when  benzylaniline  is  heated  with  sulfur; 
the  reaction  first  gives  thiobenzanilide,  H2S  being  evolved,  and  this  compound 
reacts  according  to  the  above  equation  ( Wallach ,  Ann.  259,  300). 

Similarly,  arylthioureas,  when  treated  with  bromine  in  chloroform  solution, 
produce  cyclic  phenylene -pseudothioureas  or  2-aminobenzothiazoles  ( Hugershoff , 
36,  3121) : 


/NCeHa 

NH2.C<f 

\SH 


/Nv 

nh2-c^  ^>c6h4, 


CeHsNH-C 


Nv 

s 

nc6h6 

SH 


/Nv 

■CflH6NH  •  C<^  ^  ^>CeH4 


as-Alkylar}dthioureas  give  derivatives  of  iminobenzothiazoline  ( Besthorn ,  Ber. 
43,1519). 

Properties — The  benzothiazoles  are  slightly  basic  substances  with  an  odor  re¬ 
sembling  that  of  quinoline.  Many  of  their  reactions  are  analogous  to  those  of 
quinoline.  When  fused  with  alkali  they  decompose  into  aminobenzenethiols  and 
carboxylic  acids.  At  elevated  temperatures  they  form  addition  products  with 
methyl  iodide. 

ch3  ch3 


N— I 

c— ch3 


N 


c=ch2 


s 


s 


The  hydrogen  atoms  of  the  2-methylbenzothiazolium  salts  are  very  reactive; 
the  condensation  products  with  aldehydes  give  dyestuffs  of  the  thioflavine  group 
( Konig ,  Ber.  61,  2065;  Schuloff,  Poliak,  Riesz,  Ber.  61,  2538). 

Several  benzothiazole  derivatives  are  important  as  substantive  cotton  dyes. 

BENZOTHIAZOLE,  methenylaminothiophenol,  b.p.  234°,  is  prepared:  ( 1 ) 
from  o-aminobenzenethiol  and  formic  acid;  ( 2 )  from  formanilide  and  sulfur;  (3) 
from  dimethylaniline  by  heating  with  sulfur  (c/.  Mohlau,  Klopfer,  Ber.  31, 3164) ; 
and  (4)  from  o-nitrophenjdthioglycolic  acid  by  heating  with  concentrated  sodium 
hydroxide  ( Friedlander ,  Chwala,  Mo.  28,  270).  With  benzoyl  chloride  and 
aqueous  sodium  hydroxide  benzothiazole,  similarly  to  benzimidazole  (p.  133),  is 
split  into  dibenzoyl-o-aminobenzenethiol  and  formic  acid  ( Reissert ,  Ber.  38, 3430) : 


/NH-CO-CeHs 

C6H4<^  ^>CH  +  2C6H5-C0C1  +  3NaOH  =  C6II4<^  + 


S-CO-C6H6 
2NaCl  -f  H  -C02Na  +  H20 


2-Methylbenzothiazole,  b.p.  238°;  2-phenylbenzothiazole,  m.p.  114°,  also 
prepared  from  o-aminobenzenethiol  and  benzaldehyde  ( Bogert ,  Stull,  Am.  47, 
3078) .  2- (4  '-Aminophenyl)  -6-methylbenzothiazole,  dehydrothiotoluidine, 

/N\ 

CH3-C6H3<^  N>C*C6H4NH2,  m.p.  191°,  is  obtained  from  toluidine  and 

aminobenzyl-p-toluidine  (Ger.  Pat.  104230,  1898)  by  heating  with  sulfur.  Its 
trimethylbenzothiazolium  chloride  derivative  is  the  dyestuff  thioflavine  T. 
Further  heating  with  sulfur  converts  dehydrothiotoluidine  to  the  compound : 


ch3c6h3<^  S^C  •  c6h3<(^>c  •  c6h4nh 


s< 

N' 


which  is  the  base  of  the  dyestuff  primuline  (see  also  Kym,  Ber.  32,  3537).  This 
general  reaction,  heating  p-methylarylamines  with  sulfur,  produces  a  series  of 
technically  important  dyestuffs,  which  are  known  as  “sulfur  dyes”  ( v .  Weinberg, 
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Ber.  63,  A117).  2-(4'-Aminophenyl)-5-methylbenzothiazole,  m.p.  218° 

[Bogert,  Allen,  Ind.  Eng.Chem.  18  (1926),  532]. 

A  series  of  benzothiazole  derivatives  have  been  prepared  from  2-chlorobenzo- 

thiazole,  ^CCl,  m.p.  24°,  b.p.  248°,  which  is  obtained  from  phenyl 

\N^ 


isothiocyanate  with  PC15.  2-Chlorobenzothiazole  yields  benzothiazole  on 
reduction,  2-benzothiazolol  with  alcohol,  2-ethoxybenzothiazole  with  sodium 
ethylate,  2-mercaptobenzothiazole  with  NaSH,  2-aminobenzothiazole  with  NH3, 
and  2-anilinobenzothiazole  with  C6H5NH2.  2-Benzothiazolol,  m.p.  136°,  is  also 
prepared  from  chloroformic  acid  ester  with  aminobenzenethiol.  2-Ethoxy - 
benzothiazole,  m.p.  25°,  b.p.  over  360°,  is  also  formed  from  phenylthiourethan 
(Vol.  Ill,  p.  94)  by  oxidation  with  potassium  ferricyanide.  2-Benzothiazole- 
thiol,  C6H4(NSC'SH),  m.p.  179°,  is  also  obtained  from  aminobenzenethiol  with 
CS2,  from  azobenzene  with  CS2  and  from  phenyl  isothiocyanate  with  S  ( Jacobson , 
Frankenbacher,  Ber.  24,  1403).  2-Aminobenzothiazole,  C6H4(NSC-NH2),  m.p. 
129°,  and  2-anilinobenzothiazole,  m.p.  159°,  are  also  formed  from  phenyl-  and 
s-diphenylthiourea  with  bromine  in  chloroform  (see  p.  144);  when  an  excess  of 
bromine  is  present  perbromides  are  produced  first  {Hunter,  Styles,  J.  1927, 1209), 
which  are  reduced  by  S02  to  benzothiazole  [ Hunter ,  J.  127,  2023].  2-Amino- 
benzothiazole  is  also  prepared  by  heating  /3-phenylthiosemicarbazide  with  hy¬ 
drochloric  acid  {H ugershoff ,  Ber.  36,  3134)  and  by  treating  benzothiazole  with 
hydroxylamine  ( Skraup ,  Ann.  419,  1);  the  anilinobenzothiazole  is  obtained 
from  azobenzene  and  phenyl  isothiocyanate  {Jacobson,  Frankenbacher,  Ber. 
24,  1410).  The  aminobenzothiazole  reacts  with  methyl  iodide  to  give  3- 

7N(CH3)x 

methyl -2-iminobenzothiazoline,  C6H4C_  ^C:NH,  m.p.  123°,  which  is 

also  formed  from  as-methylphenylthiourea  and  bromine  {Besthorn,  Ber.  43,  1519) . 
Often  the  reactions  of  2-aminobenzothiazole  (I)  can  be  explained  by  the  assump¬ 
tion  that  it  exists  also  in  the  tautomeric  form,  2-iminobenzothiazoline  (II) : 


Isomeric  perbromides  of  both  forms  have  been  obtained  {Dyson,  Hunter,  Soyka, 
J.  1926,  2964). 

Benzothiazole  -2-carboxylic  acid  melts  at  108°  while  decomposing  into  C02  and 
benzothiazole;  it  is  formed  by  oxidation  of  thiooxanilic  acid,  C6H5NH  CSCOOH, 
with  potassium  ferricyanide  in  alkaline  solution  {Reissert,  Ber.  37,  3710)  and  by 
boiling  2,2-dichloro-3-oxo-dihydro-l,4-benzothiazine  with  alcohol,  whereupon  a 
benzilic  acid  rearrangement  involving  a  ring -contraction  takes  place  ( Zahn ,  Ber. 
56,578). 

When  acetanilide  is  heated  with  sulfur,  bibenzothiazole  (III)  is  formed  {Lauth, 
C.r.  121,  1152). 

A  A 

(III)  CeH4<(  %0-C^  /C«H* 

Naphthothiazole  {Jacobson,  Klein,  Ber.  26,  2365),  2-aminonaphthothiazole 
(U.  S.  Pat.  1926932,  1933),  benzo[l,2,5,4]fris-thiazole  (IV)  {Bogert,  Abraham - 
son,  Am.  47,  826),  and  anthrathiazoles  {Green,  Perkin,  J.  83,  1201;  Ullmann, 
Junghaus,  Ann.  399,  345)  are  also  known. 
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The  corresponding  selenium  ring  compound,  selenazole  (V)  is  not  itself  known, 
but  several  derivatives  of  it  have  been  prepared  by  methods  analogous  to  those 
used  for  the  thiazole  derivatives.  2-Methylselenazoline  (VI),  b.p.  161°,  is  ob¬ 
tained  from  fris-(acetamidoethyl)  diselenide,  (CH3*CO  -NH  •CH2-CH2Se)2,  with 
PCh;  it  is  an  oil  having  an  odor  like  pyridine  ( Michels ,  Ber.  25,  3048).  2- 

Iminotetrahydroselenazole,  ethylenepseudoselenourea  (VII),  oil,  from  bromoethyl- 
amine  and  potassium  selenocyanide  ( Baringer ,  Ber.  23,  1003). 

CH — Nv  N=C(CH3)n  NH— C(:NH)V 

(V)  ||  %CB  (VI)  |  >Se  (VII)  |  >Se 

CH— St/  CH2 - CH/  CH2 - CH/ 


III.  FIVE-MEMBERED  RINGS  WITH  THREE 

HETERO  ATOMS 

1.  TRIAZOLES 


The  following  four  groups  of  triazoles  can  be  divided  into  two 


classes : 

1. 

Those  with  adjacent  N-atoms: 

HC— N 

11  11 

HC - N 

II  II 

HC  N 

|  | 

HC  NH 

\/ 

NH 

^n/ 

1,2,3-Triazole 

2,1,3-Triazole 

(Osotriazole,  y-triazole) 

2. 

Those  with  separated  N-atoms: 

N— CH 

HN  CH 

1  11 

II  II 

HC  N 

HC  N 

\/ 

NH 

1,2,4-Triazole 

4,1,2-Triazole 

When  the  hydrogen  on  the  N-atom  in  these  compounds  is  not 
substituted,  the  two  members  of  each  group  are  identical.  There¬ 
fore  the  hydrogen  atom,  as  in  the  case  of  the  pyrazoles  and  the 
imidazoles,  must  be  attracted  equally  by  all  the  N-atoms.  Instead 
of  the  four  triazoles  shown  above,  there  are  only  two  which  exist: 


HC  N 

N 

4 

1  jj  1 

HC  11  N 

and 

1  jj 

hc  11  : 

v/ 

\/ 

N 

N 

( Peilizzari ,  Atti  accad.Lincei  [5]  10,  II,  297;  Dimroth ,  Ber.  35, 
1038). 

When  there  is  a  substituent  on  a  N-atom,  the  four  theoretically 
possible  triazoles  can  be  prepared: 


[4]  HC - N  [3] 

II  II 

[5]  HC  N  [2] 

\/ 

NR 

[i] 

1-Alkyl-l, 2,3- 
triazole 


HC=N 

H(^  '  NR 


2- Alkyl-2, 1,3- 
triazole 


N - CH 

'  II  II 

HC  N 

\/ 

NR 


RN - CH 

I  II 

HC  N 


l-Alkyl-1,2,4- 

triazole 


4-Alkyl-4, 1,2- 
triazole 
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(a)  1,2,3-Triazoles  and  (b)  2,1,3-Triazoles,  Osotriazoles: 


[4]  CH- 


[3] 

-N 


[5]  CH— NH 
[i] 


N  [2] 


and 


[3] 

[4]  CH=Nv 

I 

[5]  CH=N/ 

*  [l] 


NH  [2] 


It  is  not  certain  from  which  form  the  parent  compound  of  these  two  groups 
of  triazoles  and  the  derivatives  without  substituents  on  the  nitrogen  are  derived 
(see  p.  153) . 

Methods  of  preparation : 

( 1 )  By  the  condensation  of  hydrazoic  acid  with  acetylene  or  a-acetylenecar- 
boxylic  acids  when  heated  in  ethereal  solution  ( Dimroth ,  Fester,  Ber.  43,  2219; 
Oliveri-M andald ,  Coppola,  Atti  accad.Lincei  [5]  19  (1910),  I,  563): 


CH 

CH 


HN 


+ 


V 

N# 


CH— Nx 
I  H  >N 
CH— N/ 


(2)  By  the  condensation  of  diazomethane  with  certain  derivatives  of  hydro¬ 
cyanic  acid,  such  as  cyanogen  chloride,  cyanogen  bromide,  dicyanogen,  and 
cyanoformic  ester  ( Peratoner ,  Azzarello,  Atti  accad.Lincei  [5]  16  (1907),  II, 
237;  Tamburello,  Millazo,  ibid.,  412;  Oliveri-M  andald,  Gazz.  40,  I,  120) : 


R-C=N 
+  ^N 

n2c=m 


RC — Nv 
I  H  >N 
HC— N/ 


(3)  Derivatives  of  2, 1,3 -triazole  are  obtained  from  the  osazones  of  1,2-dioxo 
compounds  by  boiling  with  acids  or  by  distillation : 


C6H5*C=N— nhc6h5 

I 

c6h6-c=n— nhc6h5 

Benzilosazone 


C6H5-C=Nv 

->  I  >nc6h5 
c6h5-c=n-/ 

2,4,5-Triphenyl- 
2, 1,3-triazole 


From  the  hydrazoximes  of  1,2-dioxo  compounds  by  elimination  of  water 
with  acetic  anhydride  or  PC15  (Vol.  I,  p.  409).  The  a-isonitroso  derivatives  of 
ketone  methylphenylhydrazones  give  2, 1,3 -triazoles  by  elimination  of  methyl 
alcohol  ( Pechmann ,  Ann.  262,  265) .  If  the  hydrazoximes  are  oxidized  with  N204 
or  HgO  in  chloroform,  triazole  derivatives  containing  oxygen  are  formed  first; 
these  are  readily  converted  to  2, 1,3 -triazoles  by  reduction  or  by  treatment  with 
PC16  ( Ponzio ,  J.pr.  57,  160;  Gazz.  38,  II,  522). 


CH3C=NNHC6H6 

I 

CH3C=NOH 


o 


CH3C=Nv 

->  I  >nc6h5 
CH3C=n/ 


H  CH3C=Nn 

— >  I  >nc6h6 

CH3C=N' 


o 


(4)  Derivatives  of  1,2, 3 -triazole  are  obtained  from  2,3-dibenzoyl-5,6- 
dimethyl-2,3-dihydro-l,2,3,4-tetrazine  when  heated  alone  or  with  hydrochloric 
acid.  After  the  benzoyl  group  has  been  removed  from  the  l-benzamido-4,5- 
dimethyl-1, 2, 3-triazole  formed,  the  1 -amino-4, 5-dimethyl-l, 2, 3-triazole  is  con¬ 
verted  to  4, 5-dimethyl-l  ,2,3-triazole  by  treatment  with  nitrous  acid  ( Pechmann , 
Bauer,  Ber.  42,  659;  Stolid,  J.pr.  78,  544;  Ber.  59,  1742) : 

NH-COC6H5 

CH3  •  C :  N  •  N  •  COC6H5  Hci  CH3-C— Nv  hci  1000  CH3  •  C — N\~NH2 

I  I  - »  li  >N  - »  II  >N 

CH,  •  C :  N  •  N  •  COC6H6  CH,-C— W  pressure  CHrC — W 

N-Substituted  1,2,3-triazoles  are  obtained  by  the  reaction  of  triazobenzene 
(Vol.  Ill,  p.  133)  and  other  esters  of  hydrazoic  acid  with  a-acetylenecarboxylic 
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acid  esters  alone  or  with  /3-oxo  carboxylic  acid  esters  in  the  presence  of  sodium 
alcoholate : 


C6H5N  cco2r 

/X  +  III 

N=N  CC02R 


C6H5N — cco2r 

I  II 

N:N-CC02R 


C6H5N  COCH3 

/\  +  I 

N=N  CII2C02R 


C6H5N— CCH3 


N:N-CC02R 


Triazobenzene  also  adds  to  malonic  esters,  cyanoacetic  esters;  phenylacetic  esters, 
phenylacetonitrile,  and  to  acetic  and  propionic  acid  esters  and  to  ketones,  to 
give  5-hydroxy-  and  5-amino-l, 2, 3-triazoles  ( Dimroth ,  Ber.  35,  4041;  Dimroth, 
Frisoni,  Marshall,  Ber.  39,  3920). 

When  triazobenzene  is  boiled  with  sodium  ethylate  or  homologous  alcoholates 
in  alcoholic  solution  it  forms  1 -phenyl-1, 2, 3-triazole  or  l-phenyl-4-alkyl-l,2,3- 
tri azoles :  2C6H5N3  +  CH3CH2ONa  =  C6H5NH2  +  C6H5  C2H2N3  +  NaOH  + 
N2;  the  alcoholate  is  dehydrogenated  to  the  enolate  wdiich  reacts  with  the  second 
triazobenzene  molecule  ( Bertho ,  J.pr.  119,  173). 

By  the  reaction  of  hydrazines,  semicarbazides,  or  hydroxylainines  with  1,2,3- 
oxadiazoles  ( diazoanhydrides ,  p.  165)  (Wolff,  Ann.  325,  152;  Wolff,  Hall,  Ber. 
36,3612): 


R02CC:C(CH3) 


N= 


=N 


O 


NHsX 
- » 


R02C*C:C(CH3) 


N— N 


By  the  decomposition  of  benzotriazoles  (azimidobenzenes)  substituted  on  the 
nitrogen  ( Zincke ,  Ann.  311,  276;  313,  251). 

Behavior. — 1,2,3-  and  2,1,3-Triazoles  are  mostly  weakly  basic  liquids  with  an 
alkaloid-like  odor  which  distill  undecomposed.  The  imine  hydrogen  is  easily  re¬ 
placed  by  metals.  The  triazole  ring  system  is  very  stable,  especially  to  oxidizing 
agents.  Thus,  the  phenyl  group  of  2 -phenjd -2, 1,3 -triazole  can  be  split  off  after 
animation  by  simple  oxidation,  and  C -alkyl  triazoles  are  oxidized  by  KMn04  to 
triazolecarboxylic  acids.  This  stability,  as  well  as  the  diazotizability  of  the  C- 
amino  derivatives,  indicate  similarity  to  the  aromatic  ring  systems. 

CH— Nx 

1,2,3-Triazole  or  2,1,3-triazole,  osotriazole,  v-triazole,  [  H  )>N,  m.p.  23°, 

CH— N/ 

b.p.  204°  (739  mm.),  hygroscopic.  Silver  nitrate  precipitates  a  silver  salt, 
C2H2N3Ag,  and  benzoyl  chloride  gives  the  easily  decomposed  benzoyltriazole, 
m.p.  100-102°.  The  triazole  is  prepared:  ( 1 )  from  acetylene  and  hydrazoic 
acid;  (2)  from  its  carboxylic  acids  (see  below)  by  heating;  (3)  fromN-amino- 
triazole  with  nitrous  acid. 

C-Phenyl-l,2,3(or  2,1,3) -triazole,  m.p.  144°,  from  its  carboxylic  acid.  4,5- 
Dimethyl-  and  4,5-diphenyl-l,2,3  (or  2,1,3) -triazole,  m.p.  70°  and  138°,  from 
the  corresponding  2-amino-2, 1,3-triazoles  with  nitrous  acid;  the  first  compound 
is  also  obtained  from  2-phenyl-4,5-dimethyl-2,l,3-triazole. 

1 -Phenyl-1, 2, 3-triazole,  m.p.  56°,  from  acetylene  and  triazobenzene  ( Dimroth , 
Fester,  Ber.  43,  2222).  1 -Phenyl -5-methyl-l, 2, 3-triazole,  m.p.  64°,  and  1,5- 

diphenyl-1,2, 3-triazole,  m.p.  114°,  are  obtained  by  heating  their  carboxylic  acid 
derivatives. 

1-M ethyl -5-chloro-l, 2, 3-triazole,  liquid,  and  1 -phenyl -5-chloro-l ,2, 3 -triazole, 
m.p.  50°,  are  prepared  from  1-methyl-  and  l-phenyl-5-hydroxy-l, 2, 3-triazole- 
carboxylic  acid  esters  by  treatment  with  PCI5,  saponification  and  decarboxylation; 
the  chlorine  atom  is  easily  replaced. 

1- Phenyl-5-methyl-l,2,3-triazole-4-carboxaldehyde,  m.p.  52°;  semicarbazone, 
m.p.  227°.  l,5-Diphenyl-l,2,3-triazole-4-carboxaldehyde,  m.p.  105°;  semi¬ 
carbazone,  m.p.  224°;  oxime,  m.p.  176°  ( Rojahn ,  Trieloff,  Ann.  445,  296). 

2- Methyl-4-chloro-2, 1,3-triazole,  b.p.  63°  (32  mm.),  and  2-methyl-4-bromo- 
2, 1,3 -triazole,  b.p.  63°  (39  mm.),  from  diazomethane  and  cyanogen  chloride  or 
bromide,  explode  over  260°  (Tamburello,  Millazo,  Atti  accad.Lincei  [5]  16  (1907), 
II,  412). 
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2-Phenyl-2, 1,3-triazole,  phenylosolriazole ,  b.p.  224°,  from  its  carboxylic  acid 
or  from  glyoxalosotetrazone ;  2-phenyl-4-methyl-2, 1,3-triazole,  b.p.  150°  (60 
mm.),  from  methylglyoxal ;  2-phenyl-4,5-dimethyl-2, 1,3-triazole,  b.p.  192°  (60 
mm.),  from  dimethylglyoxal ;  2, 4, 5 -triphenyl -2, 1,3 -triazole,  m.p.  122°,  from 

benzil  ( Auwers ,  Meyer,  Ber.  21,  2806). 

2 -Phenyl -2, 1,3 -triazole -4 -carboxaldehyde,  m.p.  70°,  is  obtained  from  its 
oxime,  m.p.  115°,  which  is  the  condensation  product  of  the  phenylhydrazone  of 
mesoxaldehyde  dioxime,  (HON:CH)2C:NNH -CelR;  by  elimination  of  water 
the  aldoxime  forms  2 -phenyl -4 -cyano -2, 1,3 -triazole,  m.p.  94°. 

1,2, 3 (or  2,1,3) -Triazolecarboxylic  acids  are  prepared:  (1)  from  a -acetylene- 
carboxylic  acids  and  hydrazoic  acid;  (2)  from  C-alkyl  triazoles  by  oxidation 
with  permanganate;  and  ( 3 )  from  N-phenyl-2, 1,3-triazole- and  1,2,3-triazolecar- 
boxylic  acids  by  oxidative  splitting  off  of  the  phenyl  group  after  nitration  and 
reduction. 

l,2,3(or  2,1,3) -Triazolecarboxylic  acid,  m.p.  219°  (dec.),  from  propiolic  acid 
and  hydrazoic  acid,  from  2-phenyl-2,l,3-triazole-4-carboxylic  acid  (see  below), 
from  1 -phenyl-1, 2, 3-triazole-4-  and  5-carboxylic  acid,  and  from  Bz-hydroxy- 
trichlorobenzotriazole  by  oxidation.  Its  nitrile,  m.p.  114°,  is  produced  in  the 
condensation  of  dicyanogen  with  diazomethane  (Vol.  I,  p.  252).  2-Methyl- 

2.1.3- triazole-4-carboxylic  acid,  m.p.  142°  [Peratoner,  Azzarello,  Atti  accad. 
Lincei  [5]  16  (1907),  II,  237].  C-Phenyl-1,2,3  (or  2,1,3) -triazole-C-carboxylic 
acid,  m.p.  206°  (dec.),  from  phenvlpropiolic  acid  and  N3H.  2-Phenyl -2,1,3- 
triazole-4-carboxylic  acid,  m.p.  192°,  is  prepared  by  oxidation  of  2-phenyl-4- 
methyl-2, 1,3-triazole;  when  reduced  it  decomposes  to  hydrocyanic  acid  and 
phenylhydrazinoacetic  acid. 

l,2,3(or  2,1,3) -Triazole -4, 5 -dicarboxylic  acid,  m.p.  200°,  decomposing  into 
COo  and  triazole;  it  is  formed  from  acetylenedicarboxylic  acid  and  N3H,  and  by 
oxidation  of  benzotriazole  and  methylbenzotriazole  ( Beretta ,  Gazz.  55,  788),  of 
l-(4'-aminophenyl)-l,2,3-triazoledicarboxylic  acid  and  of  C-methyl-1,2,3 
(or  2,1,3) -triazole-C-carboxylic  acid,  m.p.  220°  (dec.),  whose  ester  is  obtained 
from  acetoacetic  ester  diazo  anhydride  (p.  165)  by  boiling  with  alcoholic  am¬ 
monia  ( Bladin ,  Ber.  26,  2736).  2-Phenyl -2, 1,3 -triazole-4, 5-dicarboxylic  acid, 
m.p.  236°,  from  2 -phenyl -4, 5 -dime thy  1-2, 1,3 -triazole,  is  readily  converted  to  an 
anhydride,  m.p.  184°. 

1 -Phenyl -5-methyl-l, 2, 3-triazole-4-carboxylic  acid,  m.p.  148°,  from  triazo¬ 
benzene  and  acetoacetic  ester,  is  converted  by  heating  to  1 -phenyl -5 -methyl- 

1. 2. 3- triazole,  which  can  be  oxidized  to  1 -phenyl-1, 2, 3-triazole-5-carboxylic  acid, 

m.p.  176°  (dec.).  1 -Phenyl-1, 2, 3-triazole-4, 5-dicarboxylic  acid,  m.p.  150°,  is 

prepared  by  oxidation  of  l-phenyl-5-methyl-l,2,3-triazole-4-carboxylic  acid, 
condensation  of  acetylenedicarboxylic  acid  ester  with  triazobenzene,  and  oxidation 
of  1 -phenylbenzotriazolequinones ;  when  heated  it  yields  1-phenyl-l, 2,3- 
triazole -4 -carboxylic  acid,  m.p.  151°. 

The  G-hydroxy-l,2,3(or  2,1,3) -triazoles  are  closely  related  to  the  diazo- 
carboxylic  acid  amides,  from  which  they  are  obtained  by  treatment  with  alkali, 
or  even  by  fusing  or  by  heating  the  solutions : 


N=N 

II  /NH2 

CH — CCK 

Diazoacetamide 


N- 


-N 


->  |  H  >N 

CHC(OH)> 

C-Triazolol 


N=N 

II  /NH2 

R02C  •  C — CCK 

Diazomalonamic  acid  ester 


N- 


-Nv 


|  II  \n 

R02C-CC(OHK 

C-Hydroxy  triazole-C- 
carboxylic  acid  ester 


This  reaction  is  reversible,  the  triazolols  being  converted  more  or  less  com¬ 
pletely,  by  fusion  or  by  warming  their  solutions  to  diazocarboxylic  acid  amides  or 
their  decomposition  products.  The  velocity  of  the  isomerization  is  dependent  on 
the  substituents;  it  takes  place  readily  with  the  hydroxfytriazolecarboxylic  acid 
esters,  and  most  readily  with  their  N-aryl  derivatives  ( Dimroth ,  Ann.  373,  336). 

The  hydroxytriazoles  are  strongly  acid  compounds,  which  couple  with  diazo- 
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nium  salts  to  give  hydroxyazo  dyes,  and  react  with  nitrous  acid  to  form  nitroso- 
triazolols,  which  may  have  the  structure  of  isonitrosotriazolones. 

C-Triazolol  or  tautomeric  oxo-  forms,  m.p.  130°  (dec.),  see  p.  149,  and  from 
its  carboxylic  acid  ester  (see  below)  by  saponification  and  decarboxylation.  It 
is  stable  to  alkalis,  but  when  boiled  with  acids  it  decomposes  to  nitrogen,  ammonia 
and  glycolic  acid,  probably  after  preliminary  rearrangement  to  diazoacetamide 
( Curtius ,  Bockmuhl ,  Ber.  43,  2441).  1  -Phenyl-1, 2, 3 -triazol-5-ol,  tautomeric 
with  1  -phenyl-1, 2, 3-triazol-5-one,  m.p.  119°,  from  triazobenzene  and  acetic  ester 
and  from  its  carboxylic  acid  (see  below)  by  merely  warming  with  water.  Perman¬ 
ganate  oxidizes  it  to  oxanilic  acid,  C6H5NH-COCOOH.  Nitrous  acid  converts 
it  to  the  unstable  yellow  1 -phenyl -4-isonitroso-5-triazolone,  dec.  195°,  some  of 
whose  salts  exist  in  various  colored  modifications .  1  -Phenyl -4-benzoylisonitroso- 

5-triazolone,  m.p.  133°,  rearranges  to  2-phenyl-2,l,3,4-tetrazolecarboxylic  acid 
(p.  173)  ( Dimroth ,  Dienstbach,  Ber.  41,  4055).  1 -Phenyl -4-methyl-l, 2, 3- 

triazol-5-ol,  tautomeric  with  1 -phenyl -4-methyl-l, 2, 3-triazol-5-one,  from  methyl¬ 
malonic  ester,  a-methylacetoacetic  ester  or  propionic  acid  ester  with  C6H5N3  and 
sodium  alcoholate,  is  oxidized  by  KMnCh  to  pyruvic  acid  anilide,  CeKhNH*- 
COCOCH3.  l,4-Diphenyl-l,2,3-triazol-5-ol,  tautomeric  with  1, 4-diphenyl  - 

1.2.3- triazol-5-one,  m.p.  151°,  from  triazobenzene  and  phenylacetic  acid  ester. 

Methyl  C-hydroxytriazole-C-carboxylate  or  tautomeric  forms,  m.p.  143°,  by 

heating  l-dinitrophenyl-5-hydroxy-l,2,3-triazolecarboxylic  acid  ester  with  alco¬ 
holic  ammonia.  When  fused  or  boiled  with  alcohol  it  rearranges  in  part  to  diazo - 
malonamic  acid  ester,  from  which  it  can  also  be  formed  by  the  action  of  sodium 
ethylate;  amide,  m.p.  196°,  from  triazobenzene  and  malonamide  by  elimination 
of  aniline,  is  converted  by  fusion  to  diazomalonamide,  N2C(CONH2)2.  1-Methyl- 
anc  l-phenyl-5-hydroxy-l,2,3-triazole-4-carboxylic  acid  methyl  ester,  tautomeric 
with  1-methyl-  and  l-phenyl-l,2,3-triazol-5-one-4-carboxylic  acid  methyl  ester, 
m.p.  136°  and  74°,  from  triazomethane  and  triazobenzene  and  malonic  ester 
( Dimroth ,  Ann.  335,  1;  338,  143). 

C-Amino-l,2,3(or  2,1,3) -triazoles  are  prepared  by  condensation  of  triazo¬ 
benzene  with  cyanoacctic  ester  and  benzyl  cyanide  and  by  the  reaction  of  chloro- 
triazoles  with  ammonia  or  amines.  The  amino  triazoles  with  unsubstituted 
nitrogens  have  acid  properties.  With  nitrous  acid  they  give  diazo  derivatives 
which  couple  in  the  ordinary  way.  The  C-aminotriazoles,  like  the  C-hydroxy- 
t.riazoles  rearrange  readily.  1 -Phenyl -5-amino -1, 2, 3-triazole,  m.p.  110°,  from 
l-phenyl-5-chloro -1,2, 3 -triazole  with  NH3,  rearranges,  when  fused,  to  C-anilino- 
l,2,3(or  2, 1,3) -triazole,  m.p.  139°.  Similarly,  1 -phenyl -5-methylamino- 1,2,3- 
triazole,  m.p.  102°,  when  boiled  with  pyridine  isomerizes  to  l-methyl-5-anilino* 

1.2.3- triazole,  m.p.  172°. 


HC:C(NH2) 

I 

N=N 


-nc6h5 


HC-C(NHC6H6) 

I  H 
N - N 


N 


HC:C(NHCH3) 


N= 


=N 


nc6h6 


HC:C(NHC6H5) 

I 

N  — N 


>NCH, 


Although  these  rearrangements  are  not  reversible,  1,4 -diphenyl -5 -amino -1,2,3- 
triazole,  m.p.  179°  (from  triazobenzene  and  benzyl  cyanide),  and  C-phenyl-C- 
anilino-l,2,3(or  2,1,3) -triazole,  m.p.  167°,  isomerize  to  an  equilibrium  mixture 
containing  both  compounds  when  fused  or  boiled  with  pyridine.  1 -Phenyl-5 
amino-1, 2, 3-triazole-4-carboxylic  acid  ethyl  ester,  m.p.  126°,  from  triazobenzene 
and  cyanoacetic  ester,  and  C-anilino-l,2,3(or  2,1,3) -triazole-C-carboxylic  acid 
ethyl  ester,  m.p.  130°,  form  a  similar  equilibrium  mixture.  The  corresponding 
acids,  m.p.  142°  and  153°,  yield  the  same  C-anilinotriazole  (see  above)  when  de- 
carboxylated  by  fusion  ( Dimroth ,  Ann.  364,  183). 

2 -Phenyl -4 -methyl -5 -amino -2, 1,3 -triazole,  m.p.  83°,  is  formed  from  the  di- 
(phenylhydrazone)  of  pyruvic  acid  amide,  CeEhNHN :  C  (NH2)  -C  (CH3) :  NNHCeHs 
(Bamberger ,  de  Gruyter,  Ber.  26,  2783;  J agerspacher ,  Ber.  28,  1283);  it  forms  a 
diazo  derivative  which,  when  boiled  with  water,  gives  2-phenyl-4-methyl-5- 
hydroxy-2, 1,3-triazole,  m.p.  141°,  and,  when  treated  with  potassium  cyanide- 
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copper  cyanide,  2-phenyl-4-methyl-5-cyano-2, 1,3-triazole.  2-Phenyl -4, 5-di- 
amino-2, 1,3-triazole,  m.p.  143°,  from  the  phenylhydrazone  of  oxamide-oxime, 
CeH5NH  N:C(NH2)  -C(NH2)  :NOH,  is  similar  in  many  respects  to  the  aromatic 
diamines :  with  ferric  chloride  it  forms  a  blue  dyestuff  of  the  azine  type  and  with 
o-diketones  it  yields  compounds  analogous  to  quinoxaline.  It  does  not  form 
anhydro  bases.  Nitrous  acid  converts  it  to  a  stable  diazo  compound  which 
reacts  with  sodium  acetate  to  form  phenylosotriazoleazimide,  2-phenyl-v-triazolo[d ]  - 
v-triazole : 


C6H6N 


■N=C — NH 


'N=i- 


-N 


N 


The  latter  readily  decomposes  to  the  diazo  compound  (cf.  . Thiele ,  Schleussner, 
Ann.  295,  129) . 

N-Amino-  and  N-hydroxy-1 ,2,3 -triazoles.  l-Amino-5-methyl-l, 2, 3-triazole, 
m.p.  70°,  from  its  carboxylic  acid,  which  is  prepared  from  the  condensation 
product  of  acetoacetic  ester  diazo  anhydride  with  semicarbazide  by  saponifica¬ 
tion  (Wolff,  Hall,  Ber.  36,  3612).  1-Anilino -5 -methyl- 1, 2, 3-triazole  and  its 
carboxylic  acid  are  formed  from  acetoacetic  ester  diazo  anhydride  with  phenyl- 
hydrazine  (Wolff,  Ann.  325,  156).  1 -Hydroxy -5 -methyl -1,2, 3 -triazole -4- 

carboxylic  acid,  dec.  205°,  is  a  dibasic  acid;  its  ester  is  obtained  from  acetoacetic 
ester  diazo  anhydride  with  hydroxylamine;  oxidation  converts  it  to  1  -hydroxy - 
l,2,3-triazole-4,5-dicarboxylic  acid,  which  is  also  formed  by  oxidation  of  1- 
hydroxybenzotriazole  (p.  152)  (Wolff,  Ann.  325,  162). 

(c)  Benzotriazoles 


The  bicyclic  ring  system  of  benzotriazole  consists  of  a  benzene  ring  and  a  1,2,3- 
or  2, 1,3 -triazole  ring  (p.  147)  having  two  adjacent  carbon  atoms  in  common. 
The  difficulty  in  assigning  a  single  structural  formula  to  N  -unsubstituted  triazoles 
(p.  147,  153)  is  carried  over  to  the  N-unsubstituted  benzotriazoles.  For  the 
parent  compound  the  following  three  formulas  are  possible : 


[51 

[6] 


[4] 

/N 


-N  [3] 

II 

,N  [2] 


JVv] 

[V]  NU] 

H 

I  (Also  azimidobenzene) 


[4]  N  [31 


[6] 


V\ 

[7] 


NH  [2] 


NU1 


II  (Also  pseudo- 
azimidobenzene) 


[4]  N  [3] 


[5] 

[6] 


NH  [21 

/ 

[71  N  [11 
III 


(1)  N-Unsubstituted  benzotriazoles  are  prepared  from  aromatic  o-diamines 
and  nitrous  acid : 


Benzotriazole,  azimidobenzene,  m.p.  98°,  isomeric  with  triazobenzene.  5(6)- 
Methylbenzotriazole,  azimidotoluene,  m.p.  83-84°,  from  toluenediamine  by  the 
same  method.  Platinum  chloride  double  salt  (Noelting,  Abt,  Ber.  20,  3001). 

(£)  N -Substituted  benzotriazoles  can  be  obtained  according  to  method  ( 1 )  if 
monoalkyl -o-diamines  are  reacted  with  nitrous  acid.  From  their  method  of 
preparation  the  compounds  so  formed  must  be  derived  from  formula  I  (Bietzki, 
Raillard,  Ber.  31,  1460) : 


NH2 

NHR 


HONO 
- > 


C6II4- 


N=NOH 

NHR 
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When  there  is  one  substituent  on  the  benzene  ring,  this  reaction  produces  two 
isomers  ( Zincke ,  Helmert,  J.pr.  53,  95),  which  is  added  evidence  that  they  are 
derived  from  1 -benzotriazole  (formula  I). 

(3a)  N-Aryl-benzotriazoles  derived  from  formula  II  or  III  (pseudoazimido- 
benzene)  are  prepared  from  o-aminoazo  compounds  by  oxidation,  with  chromic 
acid  in  acetic  acid  solution  ( Kehrmann ,  Messmger,  Ber.  25,  901;  Witt,  Schmidt , 
Ber.  27,  2374;  Witt,  Ber.  45,  2383)  or,  in  many  cases,  merely  by  heating  in  high- 
boiling  (over  155°)  solvents  in  the  presence  of  copper  powder  ( Crippa ,  Gazz.  55, 
706) : 

/NH2  o  /N\ 

C6H4<  - >  C6H4<  I  >N •  C6H5  +  H20 

\n=n— c6h5 


(3b)  N-Arylbenzotriazoles  of  the  same  type  are  formed  by  careful  reduction 
of  o-nitroazo-  or  o-nitrohydrazo  compounds  with  sodium  sulfide  or  sodium  hydro¬ 
sulfite  (Willgerodt,  Klein,  J.pr.  60,  104;  Werner,  Stiasny,  Ber.  32,  3266).  The 
intermediate  products  thus  formed  are  converted  to  benzotriazoles  by  stronger 
reduction  with  SnCl2  and  HC1  [Bamberger,  Hiibner,  Ber.  36,  3822;  cf.  Chakra- 
varty,  Dutt,  J. Indian  Chem.Soc.  5  (1929),.  555]  : 


C6H 


no2 

N:NC6H51 


c6h4. 


no2 

nh-nhc6h5 


•nc6h6 


Properties  .—In  behavior  benzotriazole  resembles  naphthalene.  Benzotriazoles 
substituted  in  the  5(6) -position  behave  like  2-substituted  naphthalenes  in 
bromination,  nitration  and  coupling  with  diazonium  salts  (Fries,  Sudhoff,  Brett- 
schneider,  Ann.  454,  121).  The  benzotriazoles  are  very  resistant  to  hydrolyzing 
agents  (mineral  acids)  even  at  high  temperatures.  Most  of  them  can  be  distilled 
at  atmospheric  pressure  without  decomposition.  Strong  oxidation  destroys  the 
benzene  ring,  leaving  triazoledicarboxylic  acids.  The  benzotriazoles  with  no  sub¬ 
stituents  on  the  nitrogen  are  decidedly  acid,  forming  salts  with  sodium  hydroxide 
and  other  metal  hydroxides.  By  means  of  these  salts  a  series  of  alkyl  groups  can 
be  substituted  on  the  nitrogen.  The  N -substituted  benzotriazoles  add  one  molec¬ 
ular  proportion  of  alkyl  halide,  forming  quaternary  benzothiazolium  compounds. 

1 -Phenyl -6 -ethoxy benzotriazole,  m.p.  108°,  isomeric  with  1 -phenyl -5 -ethox>  - 
benzotriazole,  m.p.  99°  (Zincke,  Hilmert,  J.pr.  53,  97) .  l-Tolyl-6-methylbenzo- 
triazole,  m.p.  95°,  from  o-aminoditolylamine  (Tauber,  Ber.  25,  1023).  Its 
isomer,  2-tolyl-5-methylbenzotriazole,  m.p.  126°  (Zincke,  Ber.  18,  3143).  2- 

Phenylbenzotriazole,  m.p.  109°,  from  o-aminoazobenzene  by  method  2  (p.  151). 
For  the  oxidative  degradation  of  these  benzotriazoles  to  triazole A, b-dicarboxylic 
acids  (p.  149),  see  Zincke,  Petermann,  J.pr.  58,  244. 

1-Hydroxybenzotriazoles,  the  benza 'imidols,  are  obtained  from  o-nitrophenyl- 
hydrar/ines  with  alkali : 


C6H4- 


nh-nh2 

no2 


C6H4/NSn 

\n/ 

I 

OH 


1-Benzotriazolol,  benzazimidol ,  m.p.  157°,  is  a  rather  strong  acid;  reduction  with 
HI  gives  benzotriazole,  and  oxidation  yields  1 -hydroxy-1, 2, 3-triazole-4, 5-dicar- 
boxy  lie  acid. 

NAPHTHOTRIAZOLES  have  also  been  prepared;  cf.  Noelting ,  Grandmougin, 
Freimann,  Ber.  42,  1380;  Charrier,  Atti  accad.Lincei  [6]  4  (1927),  312.  For 
acenaphthotriazoles,  see  Charrier,  Beretta,  Gazz.  55,  745. 
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(d)  1,2,4-Triazoles  and  (e)  4,1,2-Triazoles 

[4]  N - CH  [3]  [4]  HN - CH  [3] 


[5]  HC  N  [2] 

\/ 

NH 

[i] 

(also  called  s-triazoles) 


[3]  HC  N  [2] 
HI 


It  is  not  certain  from  which  form  the  parent  compound  of  these  two  groups  of 
triazoles  and  the  derivatives  without  substituents  on  the  nitrogen  are  derived  (see 
p.  147).  The  structure  of  the  N -phenyl  derivatives  is  apparent  from  their  syn¬ 
thesis  . 

Methods  of  Preparation. — ( 1 )  Hydrazidines  or  amidrazones  (Vol.  Ill,  p.  310), 

.NNH2 

RC<f^  ,  are  converted  by  carboxylic  acid  anhydrides  to  acyl  derivatives 

\nh2 

which  condense  to  triazoles  by  elimination  of  water : 

/N — NH2  fN — NH 


(I) 


RC<f 

\NH-COCH, 


a*—  .N - N 

RC<f  |  or  RC<f  || 
\N=CCH3  \nH — CCHj 


/NNHC6H5 
(II)  RC<f 

\nhcoch3 


RC/ 


N — NC6H5 

I 

n=cch3 


The  hydrazidines  react  similarly  with  aldehydes  and  ketones. 

In  this  way  triazoles  were  first  prepared  by  Bladin  (Ber.  18,  1544;  25,  183) 
from  acid  derivatives  of  the  phenylhydrazone  of  cyanoformamide,  CN  -C(NH2) :  - 

/NNH2 

NNHCeH6;  compounds  such  as  aminoguamdine ,  H2NC<(  ,  and  a-amino- 

\NH2 

/NNHC6H5 

at-phenylhydrazonoacetone ,  CH3COC<f"  ,  condense  similarly  ( Thiele , 

\NH2 

Heidenreich,  Ber.  26,  2598;  Pinner ,  Ber.  27,  989;  Pinner ,  Caro,  Ber.  27,  3273; 
Thiele,  Manchot,  Ann.  303,  33). 

(, 2 )  Acylthiosemicarhazides ,  HS-C(NH2)  :NNHCOR,  are  converted  to 
triazolethiols  when  heated  over  their  melting  points;  the  mercaptans  can  be  oxi¬ 
dized  to  triazoles  [ Freund ,  Ber.  29,  2483;  Johnson,  Menge,  Am.Chem.J.  32 
(1904),  1505] : 

HS  •  C=N  •  NH  HS  -  C=Nv  HS  •  C=N\ 

(I)  |  |  - >  |  >NH  or  |  >N 

H2N  CHO  N=CH/  nh-ch^ 

HS  •  C=N  •  NH  HS  •  C=Nn 


(II) 


RHN 


CHO 


RN— CH 


N 


(3) 


When  acid  amides  are  heated  with  acid  hydrazides,  or,  more  simply,  acid 
amides  (2  mols)  with  hydrazine  hydrochloride  (1  mol),  triazoles  are  obtained, 
apparently  after  intermediate  formation  of  acylhydrazidines  ( Pellizzari ,  Gazz.  24, 
II,  222;  Pellizzari,  Massa,  Gazz.  26,  II,  413) : 


/NHNH2 

(I)  HC<  +  NH2CHO 


/NHNH2 

HC< 

\NCHO 


CH 


•NH— N 


N- 


or 


/NHNH2 

(II)  HC<  +  NH(C6H5)CHO 


HC/ 


✓N- 


CH 

:N - N 

II 

NH— CH 
N 


HC/  || 

xN(C6H6)-CH 
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Mono-  and  diacylhydrazines  when  heated  alone  yield  N-aminotriazoles,  which 
lose  the  amino  group  as  nitrous  oxide  on  treatment  with  nitrous  acid: 


2CH3CONHNH2 


•2H2O  ^N- 

- >  CH3C<f 


-N 


N2O3 


*  ch3c<^ 


N(NH2)-C-CH3 


N - N 

II 

'NH — C  •  CH3 


(4)  Under  very  mild  conditions  s-triazoles  are  formed  by  the  action  of  diacet¬ 
amide  or  its  homologues  on  semicarbazide  hydrochloride  in  aqueous  solution  in  the 
presence  of  sodium  acetate  ( Brunner ,  Mo.  36,  509;  reaction  mechanism:  Brun¬ 
ner,  Medweth,  Mo.  47,  741).  The  synthesis  follows  this  course: 


CHrCO  HNCO-NH2 


CH-rC— N-CO-NH, 


II 

NH  + 

1 

- >  N 

-h2o 

CHrCO  H2N 

CHrC— N-CO-NH2 


nh2 


N 


CHrC=N 


+  H2N-CO-NH 


CH3  •  C=N 

CH3  •  C — NH 

II 

N 


+ 


CH3-C=N 


H2N-CO-NH 

h2n-conh 


This  method  can  also  be  used  for  N -substituted  1,2,4-triazoles,  since  phenyl- 
hydrazine  hydrochloride  can  be  used  for  the  hydrazine  component. 

( 5 )  Triazoles  are  synthesized  from  s -diacylhydrazines  and  zinc  ammonium 
chloride  or  primary  amines;  see  the  analogous  syntheses  of  1,3,4-oxadiazoles  and 
thiadiazoles  (pp.  163,  166)  and  the  general  equation  for  azole  syntheses  (p.  90) 
(StollS,  Ber.  32,  797;  Busch,  Schneider,  J.pr.  89,  319;  Heller,  J.pr.  120,  52): 


NH— COCH3 
NH— COCHj 


NH3 
- > 


N=C(CH3) 

N==C(CH3) 


-NH 


Closely  related  to  this  reaction  is  that  of  hydrazide  chlorides : 

N=CC1(C6H5) 

N=CC1(C6H5) 


with  ammonia  and  primary  amines,  which  takes  place  at  lower  temperatures 
(StolU,  J.pr.  73,  278). 

(6)  Triazoles  are  obtained  from  triazolones  and  urazoles  (p.  158)  by  distilla¬ 
tion  with  P2S5;  triazole  derivatives  containing  sulfur  are  formed  as  intermediate 
products  ( Andreocci ,  Ber.  25,  225;  Pellizzari,  Cuneo,  Ann. chim. farm.  1894,  260; 
Pellizzari,  Ferro,  Gazz.  28,  II,  541) : 


* 


CO - NH 

I 

N=C(CH3> 


-NCeHs 


P2S5 
- > 


CH==N 

N=C(CH,> 


-nc6h5 


Phenylmethyltriazolone  l-Phenyl-5-methyltriazole 

Triazolones  and  PC15  give  chlorotriazoles,  which  are  converted  to  triazoles  by 
reduction . 

(7)  N-Aminotriazoles  are  formed  by  rearrangement  of  N-dihydrotetrazines : 

N=CH— NH  N=CH— NH  N=CIIX 

|  |  or  |  |  - >  |  >N-NH2 

NH — CH=N  N=CH— NH 

With  dihydrotetrazine  itself,  this  rearrangement  takes  place  on  fusion,  but  in 
other  cases  heating  with  aqueous  or  alcoholic  hydrochloric  acid  or  concentrated 
aqueous  alkali  is  necessary. 

Behavior. — The  1,2,4-  and  4, 1,2 -triazoles  are,  like  the  other  triazoles,  only 
slightly  basic  ( Dedichen ,  Ber.  39,  1849).  The  platinum  chloride  double  salts 
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behave  like  those  of  the  pyrazoles  (p.  92;  Pellizzari,  Massa,  Gazz.  26,  II,  417). 
The  imine  hydrogen  can  be  replaced  by  metals.  C-Alkyl-1,2,4-  or  -4,1,2-tri¬ 
azoles  oxidize  to  triazolecarboxvlic  acids;  the  ring  is  resistant  to  oxidation.  The 
phenyl  group  in  the  N-phenyltriazoles,  especially  after  amination,  can  be  re¬ 
moved  by  oxidation. 

N — CHV 

l,2,4(or  4,1,2) -TRIAZOLE,  6-triazole,  |  H  \N,  m.p.  121°,  b.p.  260°, 

N— CEK 

is  a  weak  base;  its  platinum  double  salt,  (C2H3N3.HCl)2PtCl4,  loses  2HC1  when 
heated;  nitrate,  m.p.  138°;  copper  salt,  (C2H2N3)2Cu,  from  a  solution  of  tri¬ 
azole  with  copper  sulfate.  The  6-triazole  is  prepared:  ( 1 )  from  formamide  and 
formic  acid  hydrazide;  (2)  from  urazole  (p.  158)  with  P2S5;  ( 3 )  from  N-amino- 
triazole  with  N203;  (4)  from  its  carboxylic  acid  ( Thiele ,  Manchot,  Ann.  303,  55) ; 
{5)  from  triazolethiol  by  oxidation  with  H202  ( Freund ,  Ber.  29,  2485) ;  and  ( 6 ) 
from  1 -phenyl-1 ,2,4-triazole  and  from  4-phenyl -4, 1,2-triazole  by  oxidative  re¬ 
moval  of  the  phenyl  group  ( Pellizzari ,  Atti  accad.Lincei  [5]  10,  II,  297). 

C-Methyltriazole,  m.p.  94°,  from  1 -phenyl-3 -methyl-1, 2, 4-triazole  by  removal 
of  the  phenyl  group  ( Andreocci ,  Ber.  25,  225).  C-Phenyltriazole,  m.p.  116°, 
by  reduction  of  N-phenylbromotriazole  with  sodium  amalgam  ( Manchot ,  Ber.  43, 
1315).  3,5-Dimethyltriazole,  m.p.  142°,  b.p.  159°  (19  mm.)  (by  method  4, 
p.  154).  3,5-Diethyltriazole,  m.p.  66°,  b.p.  267°,  from  semicarbazide  hydro¬ 
chloride  and  dipropionamide  ( Gruner ,  Benes,  Schubert,  Arman,  Mo.  48,  37). 
3,5-Diphenyltriazole,  m.p.  192°,  from  semicarbazide  hydrochloride  and  dibenz- 
amide  (Wolchowe,  Mo.  37,  476),  and  3,5-difuryltriazole,  m.p.  185°,  are  also  pre¬ 
pared  from  the  corresponding  N-aminotriazoles  by  methods  1  and  5.  The  3,5- 
diphenyltriazole  is  also  formed  by  the  action  of  acids  on  benzal-a-isonitroso- 
benzylhydrazine,  C6H5C(:NOH)NH*N:CHC6H5  ( Wieland ,  Ber.  42,  4200) 
and  from  C-phenyltetr azole  (p.  172)  by  heating. 

4-Phenyl -4, 1,2-triazole,  m.p.  121°,  from  formic  acid  hydrazide  and  formani- 
lide  (Vol.  Ill,  p.  88),  has  a  physiological  action  similar  to  strychnine  ( Pelliz¬ 
zari, ,  Massa,  Atti  accad.Lincei  [5]  10,  I,  363).  4-Methyl-4, 1,2-triazole,  m.p. 
121  °,  from  formic  acid  hydrazide  and  methyl  formamide,  and  from  its  mercaptan 
with  H202  (see  below).  3, 4-Diphenyl -4, 1,2-triazole,  m.p.  142°,  from  its  mer¬ 
captan  ( Marckwald ,  Bolt,  Ber.  29,  2919).  3, 4, 5-Triphenyl-4, 1,2-triazole,  m.p. 
292°,  from  dibenzoylhydrazine  chloride  (Vol.  Ill,  p.  307)  and  aniline. 

1 -Methyl-1, 2, 4-triazole,  m.p.  20°,  b.p.  183°,  from  the  sodium  salt  of  1,2,4- 
triazole  and  methyl  iodide,  and  from  formylmethylhydrazine  and  formamide 
( Pellizzari ,  Soldi,  Gazz.  35,  I,  373).  1 -Phenyl-1, 2, 4-triazole,  m.p.  47°,  b.p. 

266°,  from  its  carboxylic  acid  (p.  157).  l-Phenyl-5-methyl-l, 2, 4-triazole, 
m.p.  191°,  from  its  carboxylic  acid.  1 -Phenyl -3 -methyl -1,2, 4 -triazole,  m.p.  87°, 
b.p.  274°,  from  phenylmethyltriazolone  with  P2S5  (for  its  formation  from  ben- 
zeneazoacetaldoxime  N -methyl  ether,  Vol.  Ill,  p.  163,  by  elimination  of 
water,  see  Bamberger,  Frei,  Ber.  35,  752).  1,3 -Diphenyl-1, 2, 4-triazole,  m.p. 

97°,  from  formylbenzamide,  CeHsCONH  CHO,  and  phenylhydrazine  ( Einhorn , 
Ann.  343,  229).  1,5-Diphenyl-l, 2, 4-triazole,  m.p.  91°,  from  1,5 -diphenyl -3- 
chlorotriazole  with  hydriodic  acid  and  phosphorus.  1, 3, 5-Triphenyl-l, 2,4- 
triazole,  m.p.  104°,  from  benzonitrile  (2  mols),  phenylhydrazine  (1  mol)  and 
sodium;  in  this  reaction  a  hydrazidine,  C6H5C(NH)N(C6H5)  •N:C(NH2)C6Il5, 
is  apparently  formed  first.  Substituted  phenylhydrazines  and  benzonitrile 
react  similarly  ( Walther ,  Krumbiegel,  J.pr.  67,  481).  The  triphenyltriazole  is 
also  obtained  from  dibenzamide  and  phenylhydrazine  hydrochloride  (method 
4,  ,p.  154,  and  Wolchowe,  Mo.  37,  479).  1 -Phenyl -3, 5-diethyl-l, 2, 4-triazole, 

m.p.  38°,  and  other  3,5-dialkyllriazoles:  Gruner,  Benes,  Schubert,  Arman,  Mo. 
48, 37. 

HALOGEN  DERIVATIVES  of  1,2, 4 (or  4,1,2) -triazoles  are  prepared  by  heat¬ 
ing  triazolones  with  PCL  and  POCl3  at  elevated  temperatures  and  by  the  action 
of  hydrogen  halide  acids  on  the  diazo  compounds  of  amino-1, 2, 4(or  4,1,2) -tri¬ 
azoles.  The  halogen  is  bound  as  firmly  as  in  chlorobenzene,  and  is  removed  only 
by  treatment  with  HI  and  P.  C-Chloro-,  C-bromo-,  C-iodo-s -triazole,  m.p.  167°, 
189°,  and  208°,  and  C,C-methylchloro-8-triazole,  m.p.  147°,  from  the  diazo  com¬ 
pounds  of  the  corresponding  aminotriazoles  ( Manchot ,  Noll,  Ann.  343,  9).  1- 

Phenyl-5-chloro-8-triazole,  m.p.  54°.  l,5-Diphenyl-3-chloro-s-triazole,  m.p. 
96°.  1 -Phenyl -3, 5 -dichloro -8 -triazole,  m.p.  94°  [Cleve,  Ber.  29,  2671;  Andre¬ 

occi,  Atti  accad.Lincei  [5]  6  (1897),  217]. 
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For  hydroxy -s-triazoles,  see  under  triazolones. 

TRIAZOLETHIOLS,  from  acylthiosemicarbazides  (method  2),  are  converted 
by  mild  oxidation  to  disulfides  and  by  strong  oxidation  to  triazoles.  Triazole -3- 
thiol,  m.p.  216°;  4-methyl-  and  4-ethyl-4,l,2-triazole-3-thiol,  m.p.  168°  and  97° 
1 Freund ,  Ber.  29,  2484;  Johnson,  Menge,  Am.Chem.J.  32  (1904),  358]. 

3-AMINO-l,2,4(or  4,1,2) -TRIAZOLES  are  synthesized  from  acyl  derivatives 
of  aminoguanidine,  NH2C(  :NH)NHNHCOR  (Vol.  I,  p.  515) .  They  form  diazo 
derivatives  which  couple  with  amines  and  phenols  to  give  dyestuffs,  reduce  to 
triazolehydrazines,  oxidize  to  azotriazoles  and  give  halogenotriazoles  when  treated 
with  hydrogen  halide  acids  ( Manchot ,  Noll,  Ann.  343,  1).  3-Aminotriazole, 
m.p.  159°,  from  formylaminoguanidine  and  from  aminotriazolecarboxylic  acid; 
3-amino-5-methyltriazole,  m.p.  148°  ( Thiele ,  Manchot,  Ann.  303,  33).  3- 

Amino-1 -phenyl-1, 2, 4-triazole,  m.p.  150°  ( Cuneo ,  Gazz.  22,  I,  12). 

3-Anilino-4-phenyl-4,l,2-triazole,  m.p.  213°,  is  prepared  from  aminodiphenyl- 
guanidine  and  formic  acid  {Busch,  Bauer,  Ber.  33,  1067).  1,4 -Diphenyl -3- 

anilinodihydrotriazole  (see  below),  m.p.  128°,  from  anilinodiphenylguanidine 
and  formaldehyde,  and  its  homologues  are  converted  by  gentle  oxidation  to 
endoiminodihydrotriazoles,  2,3,5,6-tetrazabicyclo[2.1.1] -3-hexenes,  which  are  also 
obtained  directly  by  condensation  of  arylaminodiarylguanidines  with  carboxylic 
acids  or  their  chlorides : 


N- 


-2H20 

C6H5NHN:C(NHC6H5)2  +  HC02H  - ► 


C6H5N  nc6h6 

I  / 

C6H5N - CH 


N=C — NHC6H6 

I  >nc6h6 
c6h5n— ch2 

The  endoiminodihydrotriazoles  are  yellow  compounds  with  strongly  basic 
properties  which  are  readily  split  into  their  original  components  by  caustic  alkalis 
{Busch,  Ber.  38,  856;  Busch,  Mehrtens,  Ber.  38,  4049) .  The  nitrates  of  the  endo¬ 
iminodihydrotriazoles  are  very  sparingly  soluble;  triphenylendoiminodihydro- 
triazole  (see  above),  m.p.  189°,  known  as  nitron,  is  used  for  the  detection  and 
gravimetric  determination  of  nitric  acid  {Busch,  Ber.  38,  861). 

Similarly  condensation  of  carboxylic  acids  and  their  chlorides  with  diaryl- 
semicarbazides  and  diaryl  thiosemicarbazides  produces  endooxydihydrotriazoles 
(5-oxa-2, 3, 6-triazabicyclo[2. 1.1] -3-hexenes)  or  endothiodihydrotriazoles  (5-thia- 
2, 3, 6-triazabicyclo[2. 1.1] -3-hexenes)  {Busch,  J.pr.  67,  201). 

4-AMINO-4, 1,2-TRIAZOLES  are  prepared  by  heating  mono-  and  diacyl - 
hydrazines  and  by  rearrangement  of  N-dihydrotetrazines  (p.  154).  4-Amino- 

4. 1.2 - triazole,  m.p.  83°,  by  heating  formylhydrazine  to  210-220°,  by  fusion  of 
N -dihydrotetrazine  and  its  carboxylic  acids  and  by  decarboxylation  of  4-amino- 
triazoledicarboxylic  acid  (see  below)  {Curtius,  Darapsky,  Midler,  Ber.  41,  3168). 
4-Amino-3, 5-dimethyl-,  -diethyl-  and  -diphenyl-4, 1,2-triazole,  m.p.  199°,  167° 
and  258°.  4-Aminodimethyltriazole  is  also  obtained  from  acetohydroxamic  acid 
chloride  and  hydrazine  {Wieland,  Ber.  40,  1677).  The  amino  group  in  4-amino- 

4. 1.2- triazoles  is  split  off  as  nitrous  oxide  by  the  action  of  nitrous  acid.  The  N- 
aminotriazoles  condense  with  aldehydes  and  ketones  like  substituted  hydrazines, 
with  elimination  of  water:  4-benzylideneamino-4, 1,2-triazole,  C6HsCH:N'- 
N3C2H2,  m.p.  170°.  With  1, 3 -di ketones  and  oxo  carboxylic  acid  esters  bicyclic 
compounds  containing  a  triazole  and  a  pyridazine  ring  are  formed  {Billow,  Ber. 
42,  2594) : 


CHj-CO 

CH2— CO 

I 

CH, 


+ 


H2N— N— CH 

I 

HC=N 


-  2H2o  CH,  •  C=N - N— CH. 

- >  I  I  >N 

HC:C(CH3).C=N/ 

Dimethyl-s-triazolo  [&]- 
pyridazine 
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TRIAZOLECARBOXYLIC  ACIDS.  Triazole-3-carboxylic  acid,  m.p.  137° 
(dec.),  by  oxidation  of  3 -me thyl triazole  and  of  l-aminophenyl-l,2,4-triazole-3- 
carboxylic  acid  with  KMn04.  1 -Phenyl-1, 2, 4-triazole-3-carboxylic  acid,  m.p. 
184°,  from  l-phenyl-3-methyl-l, 2, 4-triazole,  and  by  decarboxylation  of  1- 
phenyl-l,2,4-t,riazole-3,5-dicarboxylic  acid,  which  is  obtained  by  oxidation  of  1- 
phenyl-5-methyl-l,2,4-triazole-3-carboxylic  acid,  m.p.  177°;  the  latter  is  formed 
by  saponification  of  its  nitrile,  l-phenyl-5-methyl-3-cyanotriazole,  m.p.  109° 
(from  dicyanophenylhydrazine  with  acetic  anhydride),  or  by  controlled  oxidation 
of  l-phenyl-5-methyl-3-acetyltriazole,  m.p.  89°  (from  a-amino-«-phenylhydra- 
zonoacetone)  with  acetic  anhydride.  5-Amino-l,2,4(or  4,1,2) -triazole-3-car- 
boxylic  acid,  m.p.  182°  (with  loss  of  CO2),  is  prepared  from  oxalylaminoguanidine 
and,  together  with  4-amino-4,l,2-triazole-4,5-dicarboxylic  acid,  m.p.  77°  (dec.), 
by  warming  N-dihydrotetrazinedicarboxylic  acid  with  concentrated  potassium 
hydroxide  solution;  it  forms  a  diazotriazolecarboxylic  acid  which  loses  nitrogen 
when  warmed  with  alcohol  to  give  triazole  ( Thiele ,  Manchot,  Ann.  303,  51 ;  Cur- 
tius,  Darapsky,  Muller,  Ber.  40,  1194). 

3,3  '-BI-s-TRIAZOLES  are  produced  by  the  reaction  of  the  dihj^drazone  and 
the  di-(phenylhydrazone)  of  oxamide  ( Bamhcrgcr ,  de  Grvyter,  Ber.  26,  2389) 
with  acids  or  their  anhydrides  ( Bladin ,  Ber.  21,  3063;  Rinman,  Ber.  30,  1194) : 


C6H6  •  NH— Nv  sN — NHC6H6 

>C— C<f  +  (CH3C0)20  - > 

1/  M 


H2N/  \NH2 

Di-(phenjdhydrazone)  of  oxamide 


X: 


--C—C-- 


=N 


C6H5N<  I  I 

\C(CH3)=N  N=C(CH3K 

l,l'-Diphenyl-5,5'-dimethyl-3,3'- 
bi-1 ,2,4-triazole 


Bi-s -triazole,  (C2H2N3)2,  from  the  dihydrazone  of  oxamide  and  formic  acid, 
sublimes  over  300°. 

TRIAZOLONES,  oxo  derivatives  of  dihydrotriazoles,  which  also  react  in  the 
tautomeric  form  as  hydroxytriazoles  [cf.  pyrazolones,  p.  97,  and  Andreocci, 
Atti  accad.Lincei  [5]  6  (1897),  I,  378],  are  prepared: 

( 1 )  From  acetylurethan  and  phenylhydrazines : 

CHjCO  CH3C=Nv 


NH— COOR 


+  NH2NHC6H5 


NH— CO 


NC6H6 


or 


CH3a 


^N 


N=C(OH) 


NC6H6 


This  reaction  corresponds  to  the  formation  of  phenylmethylpyrazolone  from  aceto- 
acetic  ester  and  phenylhydrazine . 

(2)  From  acid  derivatives  of  phenylsemicarbazide  by  warming  with  dilute 
aqueous  alkali  ( Widman ,  Ber.  29,  1946;  Widman,  Cleve,  Ber.  31,  378) : 


/COCH3 

c6h5n< 

xNHC0NH2 


/C(CH3):N  /C(CH3):N 

■4  C6H5N<  I  or  C6H5N<  I 

XNH - CO  XN  - -C(OH) 


( 3 )  Carbamic  acid  derivatives  of  triazolones  or  hydroxytriazoles  are  ob¬ 
tained  by  the  action  of  s-acylphenylhydrazines  on  carbamic  acid  chlorides.  This 
reaction  does  not  take  place  with  benzoylphenylhydrazine,  but  does  with  hexa- 
hydrobenzoylphenylhydrazine  (Rape,  Metz,  Ber.  36,  1092) : 


NHCHO 

i 

c6h5nh 


+  2NH2C0C1 

N=CH 

I 

C6H6N— CO 


N-CONH2 


Alkali 


N=CH\ 

4  |  >NH 

c6h5n — co  / 
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(4)  Triazolones  are  formed  by  the  condensation  of  aldehydes  with  semicar  - 
bazides  in  the  presence  of  an  oxidizing  agent,  or  with  azoformamides  {Young, 
Stockwell,  J.  73,  368;  Young,  Witham,  J.  77,  224) : 

C6H6NH  •  NH .  CO  •  NH2  - >  C6H5N :  NCONH2  + 

yNH - CO 

C6H5CHO  - >  C6H5N<  | 

xC(C6H6):N 

Properties. — The  triazolones  usually  react  as  acids,  in  the  form  of  triazolols; 
with  P2S5  they  give  triazoles,  and  with  PC15,  chlorotriazoles. 

1 ,2,4-Triazolone,  tautomeric  with  l,2,4(or  4,1,2 )-triazolol,  m.p.  234°,  is 
obtained  from  acetone  semicarbazone  and  formic  acid,  and  from  hydroxytri- 
azolecarboxylic  acid,  which  is  prepared  from  diazotriazolecarboxylic  acid  (p. 
157)  with  dilute  sulfuric  acid  ( Manchot ,  Ber.  31,  2444);  it  reacts  as  an  acid. 
l-Phenyl-l,2,4-triazol-3(2) -one,  from  phenylsemicarbazide  and  formic  acid, 
sublimes  and  melts  at  274°.  C-Alkyl-  or  aryl-triazolones  result  from  oxidation 
of  the  corresponding  aldehyde  semicarbazones  with  alcoholic  ferric  chloride  in  a 
closed  tube  {Backer,  Mulder,  Rec.  44,  1113) : 

H2N— CO  N - CO 

I  FeCls  II  I 

C6H5CH  NH  - >  C6Hf-C  NH 

V"  X/ 

N  NH 

l-Phenyl-l,2,4-triazol-5(4) -one,  m.p.  183°,  is  prepared  from  formylphenyl- 
hydrazine  with  carbamic  acid  chloride  and  from  its  carboxylic  acid,  l-phenyl-5- 
triazolone-3 -carboxylic  acid,  which  is  formed  from  1 -phenyl -3-methyl -5-triazo- 
lone,  m.p.  167°,  b.p.  over  300°,  by  oxidation  with  KMn04  {Andreocci,  Atti  accad. 
Lincei  1890,  II,  209) ;  the  latter  is  also  obtained  from  acetylphenylhydrazine  with 

NH2 •  COC1.  C -Phenyl triazol one ,  C6H6C:NNHCO-NH or C6H5C :  N  •  CONH  •  - 

NH,  m.p.  322°,  is  prepared  by  heating  benzalsemicarbazide  with  ferric  chloride 
in  alcoholic  solution  {Backer,  Mulder,  Rec.  44,  1113). 

THIOTRIAZOLONES  are  formed  from  acylthiosemicarbazides  by  boiling  with 
dilute  alkali .  3 ,4-Diohenyl-4, 1 ,2-triazo!e-5  (4)  -thione ,  m  .p .  287  °,  from  1  -benzoyl - 
4-phenylthiosemicarbazide,  CeH5-CONH  NH  CS-NH  C6H5.  Other triazole- 
thiones  are  obtained  similarly  {Fromm,  Trnka,  Ann.  442,  150). 

URAZOLES,  or  dioxotetrahydrotriazoles,  are  prepared  by. heating  urea  and 
urea  derivatives,  such  as  allophanic  acid  and  biuret,  with  hydrazine  salts: 


CO— nh2 


NII— CO— NII2 

Biuret 

Urazole,  triazolidine-3,5-dione,  or  the  tautomeric  enol  forms,  m.p.  244°,  is 
formed  from  hydrazoformamide,  NH2CONH-NHCONH2,  by  heating  over 
the  melting  point  {Thiele,  Stange,  Ann.  283,  16),  biuret  {Pellizzari,  Cuneo,  Gazz. 
24,  I,  506),  aminobiuret  {Thiele,  Uhlf elder,  Ann.  303,  101),  and  diaminobiuret . 
Urazole  is  a  strong  monobasic  acid;  when  distilled  with  P2S5  it  yields  triazole. 
For  the  conversion  of  urazole  to  tetraacetylhydrazine  by  heating  with  acetic 
anhydride  and  sodium  acetate,  see  Cuneo,  Ann. chim. farm.  26  (1898),  481.  1- 


Phenylurazole,  C6H5NNHCONHCO  (or  the  tautomeric  enol  forms)  {Acree, 
Ber.  36,  3139;  Acree,  et  al.,  Ber.  41,  3199),  m.p.  263°,  is  obtained  from  urea  and 
phenylhydrazine,  from  phenylsemicarbazidocarboxylic  acid  ester  {Ruye,  Ber.  29, 
829;  Acree,  Ber.  37,  618)  and  from  the  acetyl  derivative  of  oxalohydroxamic 
acid  phenylhydrazide : 


nh2-nh2 
- > 

-2NH3 


[31  [2] 

CO— NHv 
|  >NH  [i] 

NH— CO/ 

[4]  [5] 

Urazole 


URAZOLES 


150 


HOCCONHNHCeHs 

II 

NOCOCH3 


by  a  Beckmann  rearrangement  ( Thiele ,  Schleussner,  Ann.  295,  136).  With 
methyl  iodide  it  gives  dimethylphenylurazole,  m.p.  95°.  The  isomeric  4-phenyl- 

urazole,  C6H5N-CO -NH  NH -CO,  m.p.  203°,  is  prepared  from  hydrazoform- 
amide  with  aniline  hydrochloride. 

The  4-aminourazoles,  sometimes  called  urazines,  are  formed  by  condensation 
of  hydrazine  derivatives  of  carbonic  acid  (Busch,  Ber.  40,  2093).  4-Amino- 
urazole,  m.p.  270°,  is  prepared  from  hydrazoformic  acid  ester  and  hydrazine 
hydrate  at  110°.  1 -Phenyl -4 -aminourazole,  m.p.  245°,  from  phenylhydrazo- 

formic  acid  ester  chloride,  C6H5N(COCl)NHCOOR,  and  hydrazine;  with  nitrous 
acid  it  gives  1 -phenylurazole  (Busch,  Heinrichs,  Ber.  33,  455).  l-Phenyl-4- 
anilinourazole,  m.p.  264°  (Rupe,  Gebhardt,  Ber.  32,  16). 

3-Thiourazole,  NHNHCSNH-CO  (or  tautomeric  forms),  m.p.  206°,  from 
1-methylmercaptoformylthiosemicarbazide,  CH3S  •  CO  •  NH  •  NH  •  CSNH2,  by  boil¬ 
ing  with  aqueous  alkali  (Arndt,  Milde,  Tschenscher,  Ber.  55,  343),  or  from  1- 
carbethoxythiosemicarbazide,  H5C2OOCNHNH-CSNH2,  by  treatment  with 
NaOH  (Fromm,  Nehring,  Ber.  56,  1374);  it  is  readily  soluble  in  water  and 
strongly  acid.  N-Arylthiourazoles  are  also  formed  from  4-arylthiosemicarba- 
zides  by  heating  with  urea  for  many  hours  at  130°,  although  this  reaction  is  not 
always  successful  [Guha,  Sen,  Quart. J. Indian  Chem.Soc.  4  (1927),  43]. 

3,5-Dithiourazole,  NH-CS-NHCSNH,  (or  tautomeric  forms),  m.p.  196°, 
colorless,  strongly  acid,  readily  soluble  in  water,  prepared  from  trithioallophanic 
acid  monomethyl  ester,  CH3S-CS-NH-CSNH2,  and  hydrazine  hydrate  (Arndt, 

Milde,  Ber.  54,  2105).  3-Imino-5-thiourazole,  NH •  CS •  NH •  C(NH)  •  NH, 
(or  tautomeric  forms),  m.p.  303°,  from  hydrazothioformamide  or  its  monomethyl 
ether  by  boiling  with  concentrated  aqueous  alkali  (loc.  cit.,  p.  2099);  it  is  a 
strongly  acid  compound,  sparingly  soluble  in  water,  which  is  converted  by  methyla- 
tion  to  the  S-monomethyl  ether,  m.p.  135°.  The  latter  is  also  formed  when  the 
S-methyl  ether  of  hydrazothioformamide  is  heated,  by  elimination  of  methyl 
mercaptan  (loc.  cit.,  p.  2097).  Other  compounds  of  this  type:  Fromm,  Ann. 
447,  259. 

When  hydrazothioformamide’ is  heated  with  acids,  tetrahydro-l,3,4-thiadi- 
azole  derivatives  (p.  167)  are  produced  (Busch,  Schmidt,  Ber.  46,  2240;  Busch, 
Lotz,  J  pr.  90,  257) . 

l-Phenyl-3,5-dithiourazole,  m.p.  181°  (Acree,  Willcox,  Ber.  37,  184). 

Diiminourazole,  guanazole,  NH-C(NH)  -NHC(NH)  -  NH,  m.p.  206°,  is 
obtained  from  a-cyanoguanidine  with  hydrazine  (Pellizzari,  Gazz.  24,  I,  481) : 


C-N 


,NH2 


Nil— C=NH 


+  NHoNH2 


HN :  C - NH 

HN — C(NH) 


>NH 


a-Cyanoguanidine  Guanazole 

4-Aminoguanazole,  guanazine,  m  .p.  257  0  (dec.) ,  from  hydrazine  with  two  molar 
proportions  of  cyanogen  bromide  (Pellizzari,  Repetto,  Gazz.  37,  II,  317) . 


Condensed  Ring  Systems  of  1,2,4-  and  A, l, 2- Triazole 

s -Triazole  contains  no  adjacent  carbon  atoms,  so  no  benzo  derivatives  of  it 
exist.  However,  bicyclic  ring  systems  containing  the  s-triazole  ring,  in  which  the 
grouping  — CH=N —  or  — N=N —  is  common  to  the  two  rings,  are  known : 
Marckwald,  RddziJc,  Ber.  36,  1111;  Ndf,  Ann.  265,  122;  Stolid,  Ber.  45,  287. 
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2.  OXADIAZOLES 


The  compounds  having  five-membered  rings  containing  one  oxygen  atom  and 
two  nitrogen  atoms  are  called  oxadiazoles  or  furodiazoles.  The  number  of 
arrangements  possible  for  such  rings  can  be  deduced  from  analogy  with  the 
triazole  series,  replacing  the  NH-member  by  O: 

Triazole  series: 


HC - N 

HC  N 

N  CH 

HN  CH 

1  1 

HC  NH 

II  II 

HC  N 

II  II 

HC  N 

1  II 

HC  N 

Nsr/ 

Y/ 

NH 

Y/ 

NH 

%n/ 

2,1,3-Triazole 

(Osotriazole) 

1,2,3-Triazole 

1,2,4-Triazole 

4,1,2-Triazole 

Oxadiazole  series : 

HC  CH 

HC  N 

N  CH 

N  N 

II  II 

N  N 

II  II 

HC  N 

hA  A 

II  II 

LIC  CH 

Y 

Y/ 

O 

Y 

Y/ 

0 

1,2,5-Oxadiazole 

1,2,3-Oxadiazole 

1,2,4-Oxadiazole 

1,3,4-Oxadiazole 

F  urazan 

(Azoxime) 

This  analogy  between  the  ring  systems  is  not  merely  formal;  it  extends  to 
their  methods  of  preparation. 


Furazans,  1,2,5-Oxadiazoles: 


[3] 

CH= 


12] 

=N 


0  [i] 


CH=N- 
[4]  [5] 


The  furazans  correspond  to  the  2,1,3-triazoles.  As  the  latter  are 
obtained  from  osazones  (p.  147),  so  the  former  are  prepared  from 
glyoximes,  the  dioximes  of  o-diketones,  with  alkali: 

C6Ii5-C=NOH  _h2o  C6H6-C=Nv 

I  - >  I  >0 

C6H5  •  C=NOH  C6H5  •  C=N/ 

Diphenylglyoxime  Diphenylfurazan 

Like  the  isoxazoles,  the  furazan  derivatives  in  which  the  H-atom  of  both 
methine  groups  is  substituted  are  stable  compounds;  if  one  of  the  methine  groups 
is  unsubstituted,  rearrangement  into  nitriles  of  a-oxo  carboxylic  acid  oximes  oc¬ 
curs  readily.  The  alkvlfurazans  can  be  oxidized  to  furazancarboxylic  acids. 

3-Phenylfurazan,  m.p.  30°,  very  volatile,  is  formed  from  phenylglyoxime  di¬ 
acetate  with  soda,  and  is  rearranged  by  aqueous  sodium  hydroxide  to  the  oxime 
of  benzoyl  cyanide: 

C6H5C=Nx  C6H5C=NOH 

I  >0  - >  I 

HC=N//  CN 


( Russanow ,  Ber.  24,  3593) ;  it  is  stable  to  acids.  3,4-Dimethylfurazan,  m.p.  —  7°, 
b.p.  156°,  is  obtained  from  dimethylglyoxime  by  heating  with  NHZ  at  160-170°; 
3-ethyl-4-methylfurazan,  b.p.  170°,  is  similarly  prepared  from  methylethyl- 
glyoxime.  3,4-Diphenylfurazan,  m.p.  94°,  is  formed  by  heating  azobenzoyl 
( StolU ,  Reichert,  J.pr.  123,  82);  it  rearranges  slowly  when  heated  into  the 
isomeric  3,5  diphenyl-1, 2, 4-oxadiazole  (p.  163)  {Dodge,  Ann.  264,  180).  3,4- 
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■i 


Dibenzoylfurazan,  m.p.  118°,  from  dibenzoylfuroxan  (p.  162)  ( Angeli ,  Ber.  26, 
529). 

Furazan -3 -carboxylic  acid,  m.p.  107°,  is  obtained  by  oxidation  of  furazan- 
propionic  acid,  the  anhydride  of  dioximinovaleric  acid  (Vol.  I).  4-Methyl- 
furazan -3 -carboxylic  acid,  m.p.  74°,  and  furazan -3, 4-dicarboxylic  acid,  m.p. 
178°  (dec.),  are  formed  from  dimethylfurazan  with  KMn04;  both  acids  readily 
yield  cyanoximinoacetic  acid  when  boiled  with  water. 

Benzo-,  naphtho-,  phenanthrofurazans  and  the  like  are  prepared  from  o- 
dioximes  of  the  benzene,  naphthalene,  and  phenanthrene  series  (cf.  Zivcke,  J.pr. 
53,  340;  Zincke,  Schwarz,  Ann.  307,  40). 

FUROXANS  are  N-oxides  of  furazans,  according  to  Wieland  ( Wieland ,  Semper, 
Ann.  358,  36;  Wieland,  Semper,  Gmelin,  Ann.  367,  52;  Wieland,  Gmelin,  Ann. 
367,  80;  375,  297);  they  had  previously  been  considered  glyoxime  peroxides. 
Three  structures  have  been" suggested  for  them: 


HC - CH 


HC - CH 


Ha 


-CH 


N 


N/ 

o 

(i) 


l>0 

II 

|| 

N 

N 

N=0 

/°\ 

X/ 
o 

(ii) 


O 


'(> 

(in) 


For  monocyclic  furoxans  formula  II  is  generally  accepted  (Wieland,  Ann.  424, 
71;  444,7;  Kinney,  Am.  51,  1592).  Benzofuroxans  (p.  162)  which  undoubtedly 
are  derived  from  the  “bisnitroso  formula”  (formula  III)  have  been  prepared  by 
Green  and  Rowe  (J.  103,  897 ;  111,  612) .  According  to  spectroscopic  data,  struc¬ 
tures  II  and  III  are  equally  probable,  while  structure  I  is  less  so  (v.  Auwers,  Ber. 
60,2122). 

The  most  important  methods  for  preparing  furoxans  are : 

( 1 )  By  polymerization  of  nitrile  oxides  (Vol.  Ill,  p.  315) : 

C6H5-C - C— C6H5 

2C6H5-C=N=0  - >  ||  || 

N0N:0 

The  preparation  of  furoxans  from  hydroxamic  acid  chlorides  and  nitrolic  acids 
depends -on  the  intermediate  formation  of  nitrile  oxides. 

(2)  By  oxidation  of  aldoximes  and  gly oximes  with  N02  in  ethereal  solution 
(Scholl,  Ber.  23,  3496) : 

C6H5  •  C - C— C6H5  C6II5  •  C - C  •  CflII5 

2C6H5CH:NOH  - >  ||  ||  < -  •  ||  || 

N-O-N.O  NOHNOH 


(3)  From  the  monomolecular  pseudonitrosites  (nitrites)  of  many  propenyl- 
benzenes  by  boiling  with  alcohol  or  water  (Wieland,  Ann.  329,  238) : 

CH3OC6H4  •  C - CH  •  CHS  _  h2o  CH3OC6H4  •  C - C— CII3 

II  I  - - >  II  II 

NOH  N02  N  O  N:0 

The  furoxans  are  reduced  to  the  corresponding  furazans  by  treatment  with 
HI  or  Sn  and  hydrochloric  acid  or  PC15.  Like  the  furazans,  the  disubstituted 
furoxans  are  stable  compounds,  while  the  monosubstituted  derivatives  are 
easily  decomposed  by  alkalis,  forming  first  hydroxy  furazans,  then  oximes  of  a-oxo- 
hydroxamic  acids: 

C6II6  •  C - CH  C6H5  •  C - C  •  OH  C6H5  •  C - C  •  OH 

II  ^  II  - >  II  II  - >  II  II 

N -O  N :0  N-O-N  NOH  NOH 

Dimethylfuroxan,  b.p.  222°.  Phenylfuroxan,  a-form  (labile):  m.p.  106- 
108°;  /3-form:  m.p.  95°;  from  phenylglyoxime  (Vol.  Ill,  p.  407)  with  N02 
and  from  phenylacetylene  by  addition  of  N203  (Wieland,  Ann.  424,  71).  It  is 
converted  by  alkali  to  phenylhydroxyfurazan,  m.p.  111°  (dec.),  and  then  split 
to  isonitrosophenylacetohydroxamic  acid  (see  above) .  When  boiled  with  water 
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it  decomposes  to  form  hydroxamic  acid  and  benzonitrile  oxide,  which  polymerizes 
immediately  to  diphenylfuroxan .  The  latter  is  also  formed  from  benzaldoxime 
and  benzildioxime,  and  by  the  spontaneous  decomposition  of  benzonitrolic  acid. 
Dibenzoylfuroxan  results  from  the  action  of  nitric  acid  on  acetophenone.  With 
amines,  by  fission  and  reclosing  of  the  ring  and  simultaneous  elimination  of  a 
benzoyl  group,  it  gives  the  highly  colored  nitrosoisoxazoles  (formerly  known  as 
isotriazoxoles ) ,  which  rearrange  when  boiled  with  alcohol  or  glacial  acetic  acid  into 
colorless  azoximes : 


C6H5CO-C - C-COC6H5  c6h6nh2  C6H5  •  C :  C  (NO)  •  C  •  NHC6H6 

II  ^  II  - >  I  II 

N  •  O  •  N :  O  O - N 


C6H5CO  •  C  •  N :  C  •  NHC6H5 


N - O 


Dichloro-,  dibromo-  and  diiodofuroxan,  volatile,  m.p.  50°  and  91°,  are  pre¬ 
pared  by  the  action  of  halogens  on  mercury  fulminate  ( Wieland ,  Ber.  42,  4192). 


HON :  CH— C - C— CH :  NOH 

II  II 

The  dioxime  of  furoxandicarboxaldehyde  N  N=0 

is  identical  with  the  isocyanilic  acid  discovered  by  Scholvien  (J.pr.  32,  477), 
which  is  the  tetramolecular  polymerization  product  of  fulminic  acid  (Vol.  I,  p. 
294).  For  the  proof  of  its  constitution,  see  Wieland,  Ann.  444,  7. 

Furoxancarboxylic  acid,  m.p.  90°  (dec.),  slowly  decomposes  in  water  to  iso- 
nitrosomalonohydroxamic  acid,  COOHC(:NOH)  -C(:NOH)OH;  it  is  formed  by 
saponification  and  decarboxylation  of  furoxandicarboxylic  acid  diethyl  ester, 
(C00C2H6)2C2N202,  b.p.  164°  (16  mm.),  which  is  obtained  from  acetoacetic 
ester  by  treatment  with  fuming  nitric  acid  with  intermediate  formation  of  iso- 
nitrosonitroacetic  ester,  C00RC(N02) ( :NOH) ,  and  from  chloroximidoacetic 
ester  by  treatment  with  sodium  carbonate.  Furoxandicarboxylic  acid  amide, 
m.p.  218°  (dec.),  is  closely  related  to  fulminuric  acid,  CNCH(N02)C0NH2 
(Vol.  I,  p.  296),  from  which  it  is  obtained  by  the  action  of  concentrated  H2S04 
and  to  which  it  is  partially  converted  by  boiling  with  water  ( Wieland ,  Gmelin, 
Ann.  367,  80) . 

BENZOFUROXANS  are  prepared:  ( 1 )  by  oxidation  of  dioximes  of  aromatic 
o-diketones;  and  (2)  by  oxidation  of  o-nitroamines  with  hypochlorite  (Green, 
Roive,  J.  103,  897;  111,  612).  The  same  5-methylbenzofuroxan  (II)  is  obtained 
from  m-nitro-p-toluidine  (I)  and  from  p-nitro-ra-toluidine  (III);  this  is  strong 
evidence  for  the  symmetrical  structure  of  benzofuroxan. 


NH2 


CH 


NaOCl 


V 

(I) 


-no2 


/yT\ 

o  o  <- 


CH 


A-no2 


*V\j,/ 


CH; 


V 


-NH2 


(II) 


(III) 


5-Methylbenzofuroxan,  colorless  needles,  m.p.  97°. 

Nitroamines  and  nitrosoamines  of  the  naphthalene  series'  are  converted  by  the 
same  methods  into  naphthofuroxans  and  naphthofurazans  (Green,  Rowe,  J.  Ill, 
612). 


(b)  1,2,4-Oxadiazoles,  Azoximes: 


[3] 

CH 


N=CII 
[4]  [5] 


O  ti] 
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The  1,2,4-oxadiazoles  correspond  to  the  1,2,4-triazoles.  They  are  prepared: 

( 1 )  From  the  oximes  of  acid  amides  and  carboxylic  acids,  their  chlorides  or 
anhydrides  (analogous  to  the  preparation  of  1,2,4-triazoles  from  hydrazidines) : 

CH3  •  C=N 

I 

N=C  •  C6H5 

3-Methyl-5-phenyl-l,2,4- 
oxadiazole 

With  aliphatic  aldehydes  the  amide  oximes  form  dihydrooxadiazoles,  which  are 
readily  oxidized  to  oxadiazoles;  with  COCI2  and  CSCI2  they  give  oxadiazolones 
and  oxadiazolethiones  ( Schubart ,  Ber.  19,  1487;  Weise,  Ber.  22,  2422;  Krummel, 
Ber.  28,  2231). 

(2)  From  glyoximes  or  furazans  (see  above)  by  a  Beckmann  rearrangement  (p 
160)  ( Angeli ,  Malagnini,  Gazz.  24,  II,  131) : 

C6H5-C— NOH  C6H5  •  C=N  OH  C8H5-C=N 

I  - >  I  - >  I  >0 

C6H5-C=NOH  NH— CO  -Cells  n=c-c6h5 

Benzil  dioxime  3,5-Diphenyl-l,2,4-oxadiazole 


ch3c=noh 
I 

nh2 

Acetamide  oxime 


+  C6H5COOH 


The  1,2,4-oxadiazoles  are  stable,  neutral  compounds  which  are  hydrolyzed 
with  difficulty  by  acids  or  alkalis.  They  are  very  volatile  with  the  vapors  of  low- 
boiling  solvents  and  in  the  air,  although  they  have  high  boiling  points. 

3,5-Dimethyl-l,2,4-oxadiazole,  diethenylazoxime  ( Nordmann ,  Ber.  17,  2755), 
is  a  very  volatile  substance.  3-Methyl-5-phenyl-l  ,2, 4-oxc  diazole ,  ethenylbenzenyl- 
azoxime,  m.p.  57°.  3,5-Diphenyl-l,2,4-oxadiazole,  dibenzenylazoxime ,  m.p. 
108°,  b.p.  290°,  is  obtained  from  N-benzoylbenzimide  chloride  with  hydroxyl- 
amine  ( Beckmann ,  Sandel,  Ann.  296,  284),  by  oxidation  of  benzaldoxime  with 
sodium  hypochlorite  and  by  reduction  of  3,5-diphenyloxadiazole-4-oxide, 

N-0-C-C6H5 

II  II 

C6H5-C - N:0 

m.p.  134°,  which  is  formed  by  the  spontaneous  decomposition  of  benzohydrox- 
amic  acid  chloride  and  by  action  of  alcoholic  hydrochloric  acid  on  t.ribenzonitrile 
oxide  ( Wieland ,  Ber.  42,  806).  5,5'-Dimethyl-3,3'-bi-l,2,4-oxadiazole, 


■N= 


=c— a 


=N 


(X  II  >0 

'C(CH3)=N  N=C(CH3> 


m.p.  165°  ( Zinkcisen ,  Ber.  22,  2949). 


C6H5C= 


=N 


3 -Phenyl-1, 2, 4-oxadiazol-5-one  (or  tautomeric  form),  |  )>0, 

NH — CO' 

m.p.  198°,  and  3-phenyl-l,2,4-oxadiazole-5-thiol  (or  tautomeric  form), 

c6h5c==n  > 

>0,  m.p.  131°,  from  benzamide  oxime  with  C0C12  and  CSC12; 


N=C(SH)* 

the  former  is  also  obtained  from  phenylglyoxime  with  oxidizing  agents,  by  rear¬ 
rangement  of  the  nitrile  oxide,  C6H5C(  :NOH)  •  C  •  N :  O,  formed  as  an  intermediate 
(Ponzio,  Zanardi-Lamberti,  Gazz.  53,  818). 


(c)  1,3,4-Oxadiazoles: 


[3]  [2] 

N=CH> 


I 

N=CH 

[41  [5] 


O  [i] 


Derivatives  of  1,3,4-oxadiazole,  or  oxybiazole,  which  is  itself  unknown,  are 
prepared  from  s-diacylhydrazines  by  heating  alone  or  with  dehydrating  agents; 
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this  preparation  is  analogous  to  the  formation  of  furans  from  1,4 -diketones  (cf. 
pp.  15,  90;  StolU,  Ber.  32,  797;  J.pr.  68,  130;  69,  506) : 


NHCOC6H5 

I 

NHCOCeHe 


-h2o 
- > 


N=C(C6H6) 


N=C(C6H6) 


o 


2.5- Dimethyl-l,3,4-oxadiazole,  b.p.  179°,  is  obtained  from  s-diacetylhydrazine 
with  acetic  anhydride  and  from  tetraacetylhydrazine  by  heating;  it  is  more  easily 
decomposed  by  acids  and  alkalis  than  the  aromatic  derivatives.  2,5-Diethyl-, 
dipropyl-,  diisopropyl-,  and  diisobutyl-1, 3, 4-oxadiazole,  b.p.  198°,  227°,  209°, 
and  232°.  2,5-Didecyl-  and  dipentadecyl-1, 3, 4-oxadiazole,  m.p.  54°,  b.p.  275° 
(22  mm.),  and  m.p.  72°,  b.p.  215°  (15  mm.)  (StolU,  J.pr.  69,  481  ff.) . 

2. 5- Diphenyl-l, 3, 4-oxadiazole,  m.p.  138°,  b.p.  231°  (55  mm.),  forms  a  spar¬ 

ingly  soluble  double  compound  with  AgN03.  It  is  prepared:  ( 1 )  By  heating 
dibenzoylhydrazine  (see  above).  (2)  From  the  silver  salt  of  benzalbenzoyl- 
hydrazine  and  iodine  (StolU,  J.pr.  70,  414).  (3)  From  a,a:'-diaminodibenzyli- 

denehydrazine  with  N203  (Pinner,  Ann.  297,  264) : 


N=C(C6H5)NH2 

I 

N=C(C6H5)NH2 


n20s 

- > 


N=C(C6H6) 

I 

N=C(C6H5) 


•0 


(J)  From  benzil  dioxime,  analogous  to  the  formation  of  the  isomeric  3,5-diphenyl- 
1,2, 4-oxadiazole  and  diphenylfurazan  (Gunther,  Ann.  252,  60) : 


C6H5C:NOH 

I 

C6H5C:NOH 


PCU  N=C(C6H6)C1  NOsAg  N=C(C6H5) 


N=C(C6H5)C1 


*  I  >0 

N=C(C6H6)/ 


5,5'-Dimethyl-  and  5,5 '-diphenyl -2, 2 '-bi-1, 3, 4-oxadiazole,  m.p.  212°  and 
270°,  are  obtained  from  diacetyl-  and  dibenzoyloxalohydrazide  by  heating  with 
P205  (StolU,  J.pr.  70,  427) : 

NH— NH  NH-NH  _2h2o  N - N  N - N 

I  I  I  I  - >  II  II  II  II 

CH3CO  CO— CO  COCH3  CH3COC— C-O-CCH, 


Oxo-,  thio-,  and  iminooxadiazolines,  derivatives  of  dihydrooxadiazole,  are 
produced  from  carboxylic  acid  and  urea  derivatives  of  phenyl-  and  naphthyl - 
hydrazines  (Vol.  Ill,  p.  156)  with  phosgene,  thiophosgene,  and  phenylisocyanic 
acid  chloride,  CC12:NC6H5  (Freund,  Kuh,  Ber.  23,  2843;  Freund,  Ber.  24,  4178; 
Freund,  Konig,  Ber.  26,  2870): 


C6H5NH 

(1)  I  +  coci2 

NHCOCH3 

Acetylphenylhydrazine 

c10h7nh 

(2)  |  +  CSC12 

NHCONIJo 

Naphth.ylsemicarbazide 


c6h5n- 


-co 


> 


o 


N=G(CH3)' 

2-Methyl-4-phenyl-l,3,4-oxadiazol-5-one 


c10h7n- 


-cs 


o 


N=C(NH2) 

4-Naphthyl-2-amino-l,3,4-oxadiazole-5- 

thione 


C6H5NH 

(3)  |  +  CC12:NC6H6 

NHCHO 

Formylphenylhydrazine 


C6H5-N— C(:NC6H6) 


N= 


-CH 


> 


O 


3-Phenyl-2-phenylimino-l,3,4-oxadiazoline 


Alkoxy-  and  alkylthiooxadiazolones  result  from  the  action  of  COCl2  on  phenjd- 
carbazic  acid  esters,  C6H5NHNH  •  COOR,  and  phenylthiocarbazic  acid  esters, 
CgHoNHNH-COSR  (Busch,  J.pr.  60,  38). 

For  dihydrooxadiazoles,  see  also  StolU,  J.pr.  68,  417. 
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(d)  1,2,3-Oxadiazoles: 


[5]  [1] 

OH— O 

II 

CH— N 

[4]  [3] 


N  [2] 


This  ring  system  has  been  assumed  to  be  present  in  the  diazoanhydrides  first 
obtained  by  Wolff  (Ann.  312,  121).  These  compounds  are  formed  by  the  action 
of  nitrous  acid  on  2-amino-l,3-dioxo  compounds: 

RCO  RCOHNOH  R-CON 

I  - >  II  II  - >  II  II 

R'CO-CHNIR  R'CO-C - N  R'CO-C - N 

The  validity  of  this  structure  has  often  been  questioned  ( Schmidlin ,  Massini, 
Ber.  42,  2397 ;  Dimroth,  Ann.  373,  339) ;  more  recent  investigations  ( Stovdivger 
Helv.  4,  239)  demonstrate  that  the  diazoanhydrides  are  better  represented  by  the 
open  formula  of  an  aliphatic  diazo  compound : 


(R'  •  CO)  (R  •  CO) :  C=N=N 

Diacyldiazomethane 


The  smooth  conversion  ofi  these  compounds  to  1,2,3 -triazoles  with  NH3, 
amines,  phenylhydrazine,  and  hydroxylamine,  and  to  1,2,3-thiadiazoles  with  H2S 
(Wolff,  Ann.  325,  129;  Wolff,  Hall,  Ber.  36,  3612),  can  also  be  explained  on  the 
basis  of  the  open  formula: 


R-C=C-COR' 

I  I 

HN  N 

V' 

N  • 


nh3 


h2o 


ROC— C— COR' 

II  . 

N 

N 


h2s 


-h2o 


R-C=C-CO-R' 

S  N 

\n-^ 


3.  THIADIAZOLES 

(a)  1,2,4-THIADIAZOLES,  azosvlfimes,  result  from  the  reaction  of  amide 
oximes  with  carbon  disulfide  ( Crayen ,  Ber.  24,  388) : 


C6H5C=NOH  cs2  c6h5c= 


-N 


NH2 

Benzamide  oxime 


•s 


N=C(SH)> 

3-Phenyl-l,2,4-thiadiazole-5-thiol 


3-Phenyl-l,2,4-thiadiazole-5-thiol  (or  tautomeric  form),  m.p.  162°. 

With  phenyl  isothiocyanate,  5-anilino-l,2,4-thiadiazole  is  formed. 

C6H5C - — Nv 

3.5- Diphenyl-l,2,4-thiadiazole  (dibenzenylazosulfime) ,  |  >S, 

N=C(C6H6)/ 

m.p.  91°,  is  obtained  by  the  action  of  iodine  or  persulfate  on  thiobenzamide 
( Hofmann ,  Gabriel,  Ber.  25,  1586;  v.  Waltlur,  J.pr.  69,  44). 

C6H5C— .  Nv 

3.5- Diphenyl-l,2,4-selenadiazole,  |  /Se,  m.p.  85°,  from 

N=C(C6H5K 

selenobenzamide  and  iodine  (Becker,  Meyer,  Ber.  37,  2551). 

1, 2, 4-Thiadiazole-3, 5-dithiol  (persulfocyanie  acid )  (or  tautomeric  form), 
HSC=N 

\ 

S,  (Hantzsch,  Wolvekamp,  Ann.  331,  265;  Rosenheim,  Levy,  Griin- 

N=C(SH) 
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baum,  Ber.  42,  2927) ,  is  obtained  in  the  form  of  its  alkali  salts  from  5 -imino -1,2,4 - 
dithiazolidine-3-thione,  HN:C - NH  by  treatment  with  alkalis.  It  is  known 

I  •  I 
s-s-.cs 

only  in  its  salts  (BaC2N2S3  +  4II20)  and  esters  (dimethyl  ester,  m.p.  42°).  The 
colorless  free  acid  isomerizes  quickly  to  the  yellow  iminodithiazolidinethione. 

N=CHv 

(b)  1,3,4-THIADIAZOLES,  |  ;>S,  are  prepared  analogously  to  the 

N=CH/ 

1,3,4-oxadiazoles  and  4,1,2-triazoles  (pp.  163,  154)  from  s-diacylhydrazines  by 
heating  with  P2S5  ( StolR ,  Ber.  32,  797;  Seidel,  J.pr.  58,  130) : 


NH— COCH3  p2g5 
NH— COCH3 


N=C(CH3) 


N=C(CH3) 


2,5-Dimethyl-l,3,4-thiadiazole,  m.p.  64°,  b.p.  203°;  2,5-diphenyl-l,3,4- 

thiadiazole,  m.p.  142°,  b.p.  259°  (17  mm.),  from  diacetyl-  and  dibenzoylhy- 
drazine.  For  homologues,  see  Stoll6,  J.pr.  69,  158,  381,  481,  etc. 

5,5 '-Dimethyl-  and  5,5 '-diphenyl-2,2 '-bi-1, 3, 4-thiadiazole : 


/N-Nv  > 

R-C<^ 


N-N 

S 


C-R 


m.p.  238°  and  252°,  from  diacetyl-  and  dibenzoyloxalohydrazide  with  P2S5 
{Stoltt,  J.pr.  70,  429). 

2,5-Dimethyl-  and  2,5-diphenyl-l,3,4-selenadiazole,  m.p.  77°  and  156°,  from 
diacetyl-  and  dibenzoylhydrazine  by  heating  with  phosphorus  pentaselenide 
{StollI,  J.pr.  69,  509). 

THIADIAZOLINES,  DIHYDRO -1,3,4-THIADIAZOLES,  are  formed:  (1) 

By  the  reaction  of  aldehydes  with  phenyldithiocarbazic  acid  (Vol.  Ill,  p.  159) 
or  its  esters  {Busch,  Ber.  28,  2635) : 


c6h5nh 


HN — CSSH 


+  CH20 


Phenyldithiocarbazic  acid 


■> 


c6h5n — ch2 

N=C(SH) 


3-Phenyl-5-mercapto- 1 ,3 ,4-thiadi- 
azoline,  m.p.  112° 


The  mercaptothiadiazolines  are  also  obtained  from  1, 3, 4-thiadiazole-2, 5-di¬ 
thiol  (p.  168  and  Busch,  J.pr.  60,  28) ;  they  are  strongly  acid,  stable  to  acids,  and 
decomposed  by  aqueous  alkali.  They  are  readily  oxidized  to  disulfides,  which 
give  several  unusual  reactions  (c/.  Busch,  Ber.  29,  2127 ;  J.pr.  60,  35;  Schneider, 
J.pr.  67,  246) . 

{2)  Amino  derivatives  of  thiadiazolines  are  prepared  from  thiosemicarbazides 
and  aldehydes  {Busch,  Ridder,  Ber.  30,  849) : 


c6h5nh 


SH 


+  OCHC6II5 


N=C — NHC6H5 

Diphenylthiosemicarbazide 


C6H5N - CH(C6H5) 

I 

N=C(NHC6H5) 

Anilinodiphenylthiadiazoline 


Similarly,  2-amino-5-phenyl-l, 3, 4-thiadiazole  is  obtained  by  oxidation  of  benzal- 
thiosemicarbazide,  and  2, 4-diphenyl -5-phenylimino-l, 3, 4-i:hiadiazoline  from  1- 
benzal-2,4-dipMenylthiosemicarbazide  [Busch,  Holzmann,  Ber.  34,  324;  De,  Roy- 
Choudhury,  J. Indian  Chem.Soc.  5,  (1928),  269] ,  the  oxidizing  agent  being  FeCl3. 
When  H202  is  used,  mercaptotriazoles  or  their  disulfides  are  also  formed: 


n=chc6h5 

N=C(NH2)SH 

n=chc6h5 


N=C(C6H5) 
N=C(NH2) 

N=C(C6H5) 

I 

C6H^N— Q(N  C6H5) 


C6H5N— C(NC6H5)SH 
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(/)  Iminothiadiazolines,  (II)  oxothiadiazolines  or  pseudothiadiazolones,  and 
(III)  thiothiadiazolines  are  produced  by  the  action  of  carboxylic  acids,  COCl2, 
and  CS2  on  thioformamide  derivatives  of  hydrazine  (Busch,  Ber.  24,  4190;  27, 
2512;  J.pr.  60,  25;  Ber.  42,  4763;  Pulvermacher,  Ber.  27,  613;  Freund,  Ber.  29, 
2483) : 


NH2 

(la)  |  +  HCOOH 

NH — C(:NC6H5) 

4-Phenylthiosemicarbazide 


N- 


=CH 


I  \s 

NH — C  ( :  N  CeHsK 

-Phenyliminothiadiazoline, 
m.p.  173° 


For  the  analogous  reaction  of  4-arylthiosemicarbazides  with  CS2,  see  Guha, 
Rdy,  Am.  47,  385. 

(Ib)  Hydrazothioformamide  and  its  substitution  products  are  easily  con¬ 
verted  to  thiadiazolines.  The  reaction  proceeds  in  two  directions  (Busch,  Lotz, 
J.pr.  90,  259) : 


HN - N 

I  II 

HN:C  CSH 

\/ 

S 


-nh3 


HN- 


HN :  CSH 


H2N 

HS 


-N  -  h2s 


C 


HN - N 

I  II 

HN:C  C— NH2 

v 

s 


(7c)  The  ring  closure  of  4-alkylthiosemicarbazide-l-dithiocarboxylic  acid 
esters,  R-NH-CS — NH-NFI-C:SSCH3,  also  takes  place  in  two  ways,  according 
to  the  reaction  conditions  [Guha,  Guha,  Quart. J. Indian  Chem.Soc.  4  (1927), 
161]: 


HN - N 

I  II 

S:  C  C — SCH3 


HC1 

HN 

1 

NH 

< - 

SC 

CSCII 

-nh2-r 

NHR  S 


Boiling  with  alcohol 
- _> 

-H2S, 


HN 

I 

RN:C 


-N 

C— SCH3 


Both  triazoles  and  thiadiazoles  can  be  obtained  from  hydrazothioformamide, 
H2N-CS-NHNH-CSNH2,  or  its  monoaryl  derivatives,  depending  on  the  re¬ 
action  conditions  (Arndt,  Milde,  T schenschef ,  Ber.  55,  341;  Fromm,  Soffner, 
Frey,  Ann.  434,  285;  Fromm,  Joki,  Mo.  44,  297) . 

5-Iminothiadiazoline  (or  aminothiadiazole) ,  S-C(NH)  -NH-N :CH,  m.p.  191  °, 
from  formylthiosemicarbazide  f  Freund ,  Meinecke,  Ber.  29,  2511;  for  other  imino¬ 
thiadiazolines,  see  De,  Roy-Choudhury,  J. Indian  Chem.Soc.  5  (1928),  269]. 

2-Imino-l,3,4-thiadiazolidone-5,  S  C(:NH) -NH-NH-CO,  m.p.  177°  (formerly 
thought  to  be  thiourazole) ,  from  hydrazine-1 -carboxamide-2-thiocarboxamide 
with  acids  (Arndt,  Milde,  Tschenscher,  Ber.  55,  341).  5-Imino-l,3,4-thiadiazo- 

line-2 -thiol,  S-C(SH)  :N-NH-C(:NIi),  m.p.  245°  (dec.)  (formerly  thought  to 
be  dithiourazole) ,  from  hydrazothioformamide  with  acids,  NH3  being  eliminated 
(Busch,  Schmidt,  Ber.  46,  2240;  Arndt,  Milde,  Ber.  54,  2090).  5-Phenylimino- 
l,3,4-thiadiazoline-2-thiol,  m.p.  219°,  from  hydrazothioformanilide,  with  elimi¬ 
nation  of  aniline.  These  same  starting  materials  yield  triazole  derivatives  in 
alkaline  media  (Arndt,  Milde,  Tschenscher,  Ber.  55,  341). 


(II) 


CioH7NH  oTT 

I  /SH 

N=C — NH, 

Naphthylthioseinicarbazide 


+  COCl2 


c10h7n - CO 

— »  I 

N=C(NH2) 

3-Naphthyl-5-amino-l,3,4-thiadiazol- 
2-one.  m.p.  250° 
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C6H5NH 

(III)  I  +  cs2 

N=C — SH 


C6H6N - CSV 

- >  I  >s 

N=C(SH)/ 

5-Mercapto-3-phenyl-l,3,4-thiadiazoline- 
2-thione,  m.p.  91° 


N=C(SH)X 

1, 3, 4-Thiadiazole-2, 5-dithiol  (or  tautomeric  forms),  |  )>S,  m.p. 

N=C(SH)/ 

168°  (dec.),  from  hydrazine  and  CS2;  oxidation  with  KMn04  converts  it  to 
thiadiazoledisulfonic  acid,  N2C2(S03H)2S.  When  oxidized  with  iodine  the  mer- 
captothiadiazoles  give  disulfides:  thiadiazole-S-S-thiadiazole,  which  react  with 
ammonia  and  amines  in  an  unusual  way  to  give  hydrosulfamines,  thiadiazole- 
SNH2,  derivatives  of  thiohydroxylamine,  HSNH2.  The  arylhydrosulfamines : 
thiadiazole-SNHCeHs  rearrange  to  p-aminobenzenethiol  ethers:  NH2C6H4S- 
thiadiazole.  For  this  and  other  reactions  of  thiadiazolines,  see  Busch,  J.pr.  60, 
25;  Lingenbrink,  J.pr.  61,  330. 

Thiadiazolidines,  derivatives  of  tetrahydro-l,3,4-thiadiazole,  have  been  ob¬ 
tained  in  the  form  of  their  2,5-arylimines  by  oxidation  of  s-  or  as -diary lthioureas 
with  H202  [ Chakrabarti ,  De,  J. Indian  Chem.Soc.  5  (1929),  661]. 


[4]  [5] 

CH=CH 


(c)  1,2,3-THIADIAZOLES,  |  NS  Ul,  are  prepared  from  1,2,3- 

N=N/ 

[3].  '  [2] 

oxadiazoles.  (p.  165)  by  treatment  with  H2S  in  the  presence  of  alkali  (Wolff, 
Ann.  333,  1 ;  Wieland,  Block,  Ber.  39,  1491) .  For  the  formulas,  see  p.  165. 

The  1,2,3-thiadiazoles  are  weakly  basic  compounds,  stable  to  acids  and  de¬ 
composed  by  alkali  or  reducing  agents  with  liberaiion  of  hydrogen  sulfide.  With 
HgCl2  they  form  crystalline  compounds;  they  also  add  methyl  iodide. 

CH:CH. 


1,2,3-Thiadiazole, 


b.p. 


157°,  d°1.32,  5-methyl-  and  5- 


phenyl-l,2,3-thiadiazole,  b.p.  184°  and  m.p.  53°,  are  obtained  from  their  car¬ 
boxylic  acids.  5-Methyl-  and  5-phenyl-l,2,3-thiadiazole-4-carboxylic  acid  ester, 
m.p.  35°  and  42°,  from  diazoacetoacetic  ester  anhydride  and  diazobenzoylacetic 
ester  anhydride  (Vol.  Ill,  p.  433)  with  H2S.  5-Methyl-l  ,2,3-thiadiazole-4-car- 
boxylic  acid  is  oxidized  by  permanganate  to  l,2,3-thiadiazole-4,5-dicarboxylic 
acid,  which  is  decarboxylated  to  1,2,3 -thiadiazole -4-carboxylic  acid  on  fusion. 
5 -Methyl -4 -acetyl -1, 2,3 -thiadiazole,  oil,  from  2,4-pentanedione  diazoanhydride. 
5 -Phenyl -4 -acetyl-  and  5-methyl-4-benzoyl-l,2,3-thiadiazole,  m.p.  70°  and  43°, 
are  both  formed  from  l-phenyl-l,3-butanedione  diazoanhydride  (Wolff,  Ann. 
325,  169;  333,  1). 

The  addition  product  of  phenyl  isothiocyanate  and  diazomethane  is  a  deriva¬ 
tive  of  1,2, 3 -thiadiazole  (v.  Pechmann,  Nold,  Ber.  29,  2588) : 


C6H5NCS  +  CI42N2 


CH=C(NHC6H5) 

- >  I 

N— ■  . — N 

5-Anilino-l,2,3-thiadiazole,  m.p.  172°  (dec.) 


BENZOTHIADIAZOLES,  phenylenediazosxdfides ,  analogous  to  the  azimido- 
benzenes  (Vol.  Ill,  p.  108),  are  formed  from  o-aminobenzenethiols  with  N203: 


N2O3 
- > 


The  benzothiadiazoles  are  much  more  stable  than  benzooxadiazoles  from  0- 
aminophenols;  they  resemble  azoimides  in  stability,  since  they  lose  nitrogen 
only  at  elevated  temperatures,  without  deflagration,  forming  diphenylenedi- 
sulfides,  C6H4S2C6H4.  They  are  weak  bases  and  add  alkyl  iodides  (Jacobson, 
Ann.  277,  214).  Benzothiadiazole,  phenylenediazosidjide,  (AIRN^,  m.p.  35°, 
b.p.  129^  (10  mm.);  trimethylbenzothiadiazole,  cumylenediazosulfide,  C6H- 
(CH3)3N2S  m.p.  85°. 
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HC=NX 

( d )  1,2,5-THIADIAZOLE,  |  \S,  corresponds  to  furazan.  BENZISO- 

HC=N/ 

THIADIAZOLES,  piazthioles,  are  prepared  by  heating  o-phenylenediamines  with 
sulfurous  acid  ( Hinsberg ,  Ber.  22,  2895;  48,  1613) : 

CH=CH— C— NH2  CH=CH— C— Nx  CH=CH— C=Nv 

I  II  +  S02  -  I  II  |  >S  or  I  I  >S 

CH=CH — C — NH2  CH=CH— C— N/  CH=CH— C=N' 

o-Phenylenediamine  Benzisothiadiazole  (piazthiole),  m.p.  44°,  b.p.  206° 


The  benzisothiadiazoles  are  weak  bases,  stable  to  oxidizing  agents;  when 
reduced  they  give  o-diamines. 

2,1,3-BENZOSELENADIAZOLES  or  piaselenoles,  which  correspond  to  the 
benzisothiadiazoles,  are  easily  obtained  from  o-diamines  with  selenous  acid; 
they  are  as  stable  as  the  benzisothiadiazoles.  2,1,3-Benzoselenadiazole,  pia- 

/N\ 

selenole,  C6H4<(  [  >Se,  m.p.  76°,  forms  a  perchlorate  ( Battegay ,  Vichot,  Bull. 

\n/ 


[4]  37,  1271).  4-Nitro-2,l,3-benzoselenadiazole,  m.p.  190°  ( Fourneau ,  Tr6- 
fouel,  Bull.  [4]  41,  448).  Methyl -2, 1,3-benzoselenadiazole,  tolwpiaselenole, 
C7H6(N2Se),  m.p.  73°,  b.p.  267°.  With  mineral  acids  benzoselenadiazoles  form 
salts  (piaselenazonium  salts) .  Addition  compounds  are  formed  directly  by  the 
action  of  selenium  dioxide  on  o-aminodiphenylamine  hydrochloride  ( Battegay , 
V6chot ,  Bull.  [4]  37,  1271): 


-NH2 


V 


— NHoCl 
CeIR 


-f-  Se02 


/V 


V\ 


Se 


SN' 

/  \ 

HbC6  Cl 


FIVE-MEMBERED  RINGS  WITH  FOUR  HETERO 

ATOMS 


1.  THIATRIAZOLES 


n=chx 

1,2,3,4-THIATRIAZOLES  or  triazsulfoles,  |  J>S.  This  ring  is  said  to 

N=N/ 

occur  in  a  series  of  compounds  formed  by  the  action  of  nitrous  acid  on  thiosemi- 
carbazide  and  alkylthiosemicarbazides,  although  phenylthiosemicarbazide  gives 
a  tetrazole  derivative  ( Freund ,  Schwarz,  Ber.  29,  2491 ;  cf.  Oliveri-M andala ,  Gazz. 
44,  I,  672) : 


/N — NH2 

CH3NH-C<f  +NOOLI 

\SH 


✓N — N 
CII3NH-C<f  || 
\S— N 


The  aminothiatriazoles  so  obtained  are  decomposed  by  boiling  water  into  sulfur, 
nitrogen,  and  cyanamide  and  by  concentrated  hydrochloric  acid  into  nitrogen  and 
thiocy an  amides. 

Methylamino-,  ethylamino-,  and  allylammo-l,2,3,4-thiatriazole,  m.p.  96°,  67°, 
and  54°;  amino-1, 2, 3, 4-thiatriazole,  from  thiosemicarbazide  and  N203,  detonates 
at  129°. 


[4]  [51 

N — CHv 

II 

N— NH/ 

[3]  [2] 

2,1,3,4-Tetrazole 


2.  TETRAZOLES 


l1 1  and 


[4]  [5] 

N=CHv 
|  >NH  HI 
N=N-/ 

[33  [2] 

1 ,2 ,3 ,4-Tetrazole 


f 
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f 

On  the  basis  of  these  structural  formulas,  the  synthesis  of  two  isomeric  tetra- 
zoles  should  be  possible  but  tautomeric  N -unsubstituted  tetrazoles  and  C- 
alkyltetrazoles  corresponding  to  the  two  forms  have  not  been  obtained.  This  is 
due  to  the  same  ambiguity  in  the  position  of  the  inline  hydrogen  which  has  already 
been  observed  in  other  azoles  (pyrazoles,  imidazoles,  triazoles).  However,  a  1- 
phenyl-l,2,3,4-tetrazole  and  a  2-phenyl-2,l,3,4-tetrazole  are  known;  when  the 
phenyl  groups  are  removed  by  oxidation,  the  same  tetrazole  is  formed  from  both 
compounds : 

N=CHV 

|  >NC6H5  - 

N=N/ 

l-Phenyl-l,2,3,4-tetrazole 


N — CHV 

->  |  H  >N  <r 

N - N/ 

Tetrazole 


N - CHX 

-  II  >N 

N — N  (C6H5K 

2-Phenyl-2, 1 ,3, 4- tetrazole 


The  reactions  leading  to  the  formation  of  the  tetrazole  ring  can  be  outlined  in 
this  way : 


(Syntheses  of  type  Ila  have  not  yet  been  reported.) 


(Ib) 


(Hb) 


Tetrazoles  are  prepared:  (1)  By  condensation  of  hydrazoic  acid  with  hydro¬ 
cyanic  acid  and  fulminic  acid  and  their  derivatives,  isonitriles,  cyanogen  bromide, 
and  cyanoformic  acid  ester,  probably  by  intermediate  formation  of  imide  azides 
and  hydroxamic  acid  azides  [Dimroth,  Fester ,  Ber.  43,  2219;  Palazzo,  Atti  accad. 
Lincei  [5]  19  (1910),  I,  218;  Oliveri-M andala ,  Alagna,  Gazz.  40,  II,  441;  Oliveri- 
Mandala,  Gazz.  41,  I,  59]  : 


(2a)  From  imide  chlorides  and  similar  compounds  with  sodium  azide,  also 
by  primary  formation  of  imidazides  (Forster,  J.  95,  184;  Schroeter,  Ber.  42, 
3359) : 


/Cl 

c6h5c< 


NaNa 


nc6h5 


/N 

/N< 

C6II5C< 

^NC6H5- 


c6h5g 


/N- — f 

\N(C6H5)-N 


In  the  case  of  guanyl  azide  (carbamide  imide  azide),  NH2C(:NH)N3  (from 
aminoguanidine  and  nitrous  acid),  the  ready  conversion  to  aminotetrazole  has 
been  observed  (Hantzsch,  Vogt,  Ann.  314,  339). 
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{2b)  By  the  action  of  hydrazoic  acid  on  many  acid  amides  and  lactams  or 
their  reactive  enol  forms  in  the  presence  of  concentrated  H2S04  or  other  acids 
(c/.  Schmidt,  Ber.  57,  706;  U.  S.  Pat.  1564631,  1925) : 


/CH2-CH2  •  COH 
CH2<  ||  +  NSH 

xCH2-CH2— N 

«-Aminocaproic  acid  lactam 


,CH2CH2-C=NX 
CH5 /  |  >N 

xCH2-CII2-N— 


6,7,8,9-Tetrahydro-5-azepotetrazole, 
pentamethylenetetrazole  (Cardiazole, 
Metrazole) 


Many  ketones  react  with  two  molecular  proportions  of  hydrazoic  acid  to  give 
tetrazoles,  first  forming  acid  amides  which  react  with  more  N3Ii  according  to  the 
above  equation  {Schmidt,  Ber.  57,  706). 

{8)  From  hydrazidines  (amidrazones) ,  such  as  benzhydrazidine  {Pinner, 
Ber.  27,  995;  Ann.  297,  229)  and  dicyanophenylhydrazine  {Bladin,  Ber.  19, 
2598),  by  treatment  with  nitrous  acid,  analogous  to  the  formation  of  triazoles: 


CN  •  C=N — NHC6H5 
I 

nh2 

Dicyanophenylhydrazine 


no2h 


CN-C=NX 

— ►  |  >NCaII, 

N=N/ 

2-Phenyl-5-cyano-2,l,3,4-tetrazole 


{4)  From  amidines  by  the  action  of  nitrous  acid,  followed  by  reduction  of  the 
so-called  dihydroxytetrazotic  acids  first  formed  {Pinner,  Ber.  27,  994;  Lossen, 
Lossen,  Ann.  263,  101;  Lossen,  Statius,  Ann.  298,  90) : 


C6H6  •  C=NH 

I 

nh2 

Benzamidine 


HN02 
- > 


c6h5-c=n-no 

I  (?) 

N=N  •  OH 


Dihydroxytetrazotic  acid 


C6H5  •  C— N 

i 

N=N 

5-Phenyltetrazole 


(5)  By  condensation  of  triazobenzene  with  phenyl hydrazones  of  aldehydes 
by  means  of  sodium  alcoholate  in  alcoholic  solution,  aniline  being  eliminated 
{Dimroth,  Merzbacher,  Ber.  43,  2899) : 


CH3CH :  N  •  NHC6H5 

4-  N=N-NC6H5 

i _ 1 


CHa-CjN-NiHiCeHs 

I  ! 


NiNiNHCeHs; 


-CsHsNHa 
- > 


CH3C:N 


N:N' 


>nc6h, 


This  synthesis  is  analogous  to  the  preparation  of  2,1,3-triazoles  from  osazones 

(p.  147). 

{6)  By  the  action  of  alkalis  on  the  diazohydrazides  formed  from  mono- 
and  diacylhydrazines  with  diazonium  salts  {Dimroth,  de  Montmollin,  Ber.  43, 
2904) : 


NH2 

I 

NH-COCHj 


C6H5N2C1 


NHN:NC6H5 

nh-coch3 


N  ■  -N 

I 

N=C(CH3)' 


-n-c6h6 


(7)  By  oxidation  of  suitable  tetrazolium  compounds,  the  oxidation  products 
of  formazyl  compounds  (Vol.  Ill,  p.  312)  . 

Behavior. — The  tetrazole  ring,  containing  four  N -atoms  and  one  C-atom  is 
generally  more  stable  than  the  pyrrole  ring  and  the  azole  rings  containing  less 
nitrogen.  For  example,  as  in  the  case  of  the  pyrroles  and  azoles,  the  N -phenyl 
derivatives  of  tetrazoles  can  be  converted  to  tetrazoles,  by  nitration  to  N-nitro- 
phenyltetrazoles,  reduction  to  N-aminophenyltetrazoles  and  oxidation.  Unlike 
the  slightly  basic  pyrrole  and  lower  azoles,  tetrazole  is  strongly  acid,  due  to  the 
influence  of  the  N-atoms.  While  pyrrole  is  in  many  respects  similar  to  phenol 
(p.  28),  tetrazole  is  comparable  to  trinitrophenol.  The  silver  and  copper  salts 
of  tetrazole  detonate  violently  when  heated.  The  tetrazoles  and  their  salts  (Pb) 
are  used  in  priming  compositions  (Ger.  Pat.  370574,  1920;  Brit.  Pat.  201009, 
1922;  U.  S.  Pat.  1580572,  1922). 
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TETRAZOLE,  m.p.  156°,  sublimable,  is  obtained:  ( 1 )  from  hydrazoic  acid 
and  hydrocyanic  acid  (Ger.  Pat.  390396,  1922;  Frdl.  XIV,  349);  (2)  by  treat¬ 
ment  of  diazotized  aminotetrazole  with  alcohol  ( Thiele ,  Ingle,  Ann.  28 7,  243); 
(3)  by  oxidation  of  tetrazolethiol  with  nitric  acid;  (4)  by  oxidation  of  2-(4'- 
aminophenyl)-2,l,3,4-tetrazole-5-carboxylic  acid  ( Bladin ,  Ber.  25,  1412)  and  of 
1 -(4 '-aminophenyl) -1,2, 3, 4-tetrazole  ( Freund ,  Paradies,  Ber.  34,  3120);  ( 5 )  by 
oxidation  of  di-p-hydroxyphenyltetrazolium  betaine  (p.  174);  and  ( 6 )  by  the 
oxidation  of  tetrazolo [a]  quinoline,  the  so-called  naphthotetrazole  ( Marckwald , 
Meyer,  Ber.  33,  1890).  Sodium .  salt,  CN4HNa  4-  H20;  barium  salt,  (CN4H)2Ba 
+  31/2  II20.  When  heated  with  concentrated  hydrochloric  acid  tetrazole  de¬ 
composes  into  C02,  N2,  and  2NH3. 

5-Phenyltetrazole  decomposes  into  diphenyltriazole  (p.  155)  and  diphenyl- 
tetrazine  (p.  324  and  Lassen,  Statius,  Ann.  298,  96)  when  carefully  heated  to  218°; 
it  is  prepared  from  benzyl idenedihydroxytetrazotic  acid  or  from  benzylidene- 
hydrazidine.  5-Tolyl-,  5-furyl-,  and  5-anisyltetrazole  are  obtained  from  the 
corresponding  hydrazidines  or  amidines  ( Pinner ,  Caro,  Ber.  28,  465;  Lossen, 
KirschnicJc,  Ann.  298,  105). 

1-Methyl-  and  1 -ethyl-1, 2, 3, 4-tetrazole,  m.p.  37°  and  b.p.  156°  (14  mm.), 
from  the  isonitriles  and  hydrazoic  acid.  The  isomeric  2-methyl -2, 1,3, 4-tetrazole, 
m.p.  145°,  is  formed  by  methylation  of  5-cyanotetrazole  (see  p.  173)  and  re- 

i - 1 

moval  of  the  cyano  group.  2-Phenyl-2, 1,3, 4-tetrazole,  C6H5  N  N:CH  N:N, 
oil,  from  its  carboxylic  acid  ( Wedekind ,  Ber.  31,  948).  1 -Phenyl-1, 2,3,4- 

tetrazole,  C6H6-N-CH  :N-N:N,  m.p.  66°,  from  phenyl  isocyanide  and  N3H, 
from  diformylhydrazine  and  benzenediazonium  chloride  in  alkaline  solution,  and 
from  its  mercaptan  by  oxidation  with  chromic  acid  ( Freund ,  Paradies,  Ber.  34, 
3120).  1,5 -Dimethyl- 1, 2,3, 4-tetrazole,  m.p.  71°,  by  treatment  of  acetone  with 

N3H  in  the  presence  of  concentrated  sulfuric  acid  (U.  S.  Pat.  1599493,  1926). 

1 -Phenyl -5-methyl-l, 2, 3, 4-tetrazole,  C6H5N-C(CH3)  :N-N:k,  m.p.  97.5°, 
from  acetyl-  and  diacetylhydrazine  according  to  method  6.  2 -Phenyl -5 -methyl- 

2, 1,3, 4-tetrazole,  CgHa-N *N:C(CH3)  -  N:N,  m.p.  40°,  by  method  5.  1,5- 

Diphenyl-1, 2, 3, 4-tetrazole,  C6H5N -CtCeHs)  :N -N:N,  m.p.  146°,  is  prepared  by 
the  reaction  of  benzanilide  imide  chloride  with  sodium  azide  (Vol.  Ill,  p.  307), 
from  benzoylhydrazine  and  benzenediazonium  chloride  by  method  6  and  from 
the  reaction  product  of  benzophenone  chloride  and  sodium  azide  by  a  shifting  of 
atoms  similar  to  the  Beckmann  rearrangement  ( Manchot ,  Ber.  43,  3359).  2,5- 

Diphenyl -2, 1,3, 4-tetrazole,  CelRN -N: C(C6H5) -N:N,  m.p.  107°,  is  obtained 
from  benzaldehyde  phenylhydrazone  and  phenylazide,  by  oxidation  of  p-hydroxy- 
phenyldiphenyltetrazolium  hydroxide  with  KMn04,  and  by  oxidation  of  guanazyl- 
/N-NH(CN2H3) 

benzene,  C6H5C<(  (from  benzalaminoguanidine  and  benzenedi- 

\N:NC6H5 

azonium  chloride),  with  N203  or  nitric  acid  ( Wedekind ,  Ber.  30,  449);  it  is  a 
very  stable  compound  ( Wedekind ,  Ber.  29,  1854).  Bitetrazole,  (CHN4)2,  m.p. 
254°,  is  produced  by  oxidation  of  the  addition  product  of  cyanogen  and  hydrazine 
with  N203  ( Angeli ,  Gazz.  23,  II,  101)  or  by  oxidation  of  the  reaction  product  of 
cyanotetrazole  and  hydrazine  with  HNO 2  (Oliveri-Mandald,  Gazz.  54,  774;  cf. 
Lifschitz,  Donath,  Rec.  37,  270).  / 

5-Chlorotetrazole,  m.p.  120°  (dec.);  5-bromotetrazole  BrCHN4,  m.p.  156°, 
from  cyanogen  bromide  and  hydrazoic  acid  or  from  5-aminotetrazole  ( StolU , 
Ber.  62,  1123). 

5-Aminotetrazole,  a min otetr azotic  acid,  C(NH2)N4H  -j-  H20,  m.p.  199°  (StolU, 
Ber.  62,  1120),  is  formed  from  guanidinediazonium  nitrate  with  HN02,  after 
primary  formation  of  guanyl  azide  (carbamide  imide  azide)  (Vol.  I,  p.  516),  or 
from  dic37andiamide  with  aq.  hydrazoic  acid  (StolU,  loc.  cit.).  Aminotetrazole 
can  be  diazotized  in  acid  solution  like  a  primary  aromatic  amine  (Billow,  Ber.  42, 
4436;  StolU,  Ber.  62,  1122);  the  tetrazolediazonium  sulfate  solution  undergoes 
the  usual  conversions  of  aromatic  diazonium  compounds  (5-hydroxytetrazole,  5- 
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bromotetrazole,  etc.).  When  reduced,  diazotized  aminotetrazole  gives  5- 
hydrazinotetrazole,  C(NHNH2)N4H,  m.p.  199°  (dec.).  The  latter  is  converted 
by  HN02  to  5-triazotetrazole,  C(N3)N4H,  a  crystalline  substance,  extremely  ex¬ 
plosive  ( Thiele,  Ingle,  Ann.  287,  238) .  Oxidation  of  5 -aminotetrazole  in  strongly 
alkaline  solution  with  KMn04  gives  salts  of  azotetrazole,  (IIN4C)N:N(CN4H) 
( Thiele ,  Ann.  303,  57),  which  is  unstable  in  the  free  condition,  is  split  by  mineral 
acids  to  hydrazinotetrazole,  nitrogen,  and  formic  acid,  and  is  reduced  by  Mg- 
powder  to  hydrazotetrazole,  (IIN4C)NH-NH(CN4H),  a  white  powder  which  ex¬ 
plodes  when  heated.  When  solutions  of  hydrazotetrazole  or  azotetrazole  are 
treated  with  bromine,  nitrogen  is  evolved  and  first  5-(dibromomethylene- 
hydrazino) -tetrazole  (I),  m.p.  177°,  is  formed,  and  later  isocyanotetrabromide 
(II),  m.p.  42°  (c/.  Vol.  I  and  Thiele,  Ann.  303,  57) : 

(I)  (II) 

(HN4C)N:N(CN4H)  - >  (HN4C)NH •  N : CBr2  - ►  Br2C:N  N:CBr2 


5-Aminotetrazole  is  transformed  into  2-methyl -5-acetylamino-l, 3, 4-oxadiazole 
when  boiled  with  acetic  anhydride  for  a  long  time  (Stolid,  Ber.  62,  1119). 

2-Phenyl-5-anilino-2,l,3,4-tetrazole,  CeHsNH-CN^-CeHs,  m.p.  163°,  and  its 
homologues  are  obtained  from  aminodiarylguanidines  with  N203  (Busch,  Bauer , 
Ber.  33,  1061) . 

1,2,3,4-Tetrazol-l-ol,  from  fulminic  acid  and  N3H  (Vol.  I,  p.  294),  decomposes 

at  145°  with  a  flash.  ' 5-Phenyl-l,2,3,4-tetrazol-l-ol,  HON-C(C6H5)  :N-N:N, 
m.p.  121°  (dec.),  is  prepared  from  benzohydroxamic  acid  chloride  and  sodium 
azide,  and  from  benzoylhydrazine  oxime  with  HN02,  presumably  after  intermedi¬ 
ate  formation  of  the  unstable  benzohydroxamic  acid  azide. 

I - Tl 

1 -Phenyl-1, 2, 3, 4-tetrazol-5-ol  (or  tautomeric  form),  C6H5N  C(OH)  :N  N:N, 
m.p.  187°,  from  hydrazoformic  acid  esters  by  method  6.  5-Alkoxytetrazoles  are 
produced  by  the  action  of  hydrazoic  acid  on  azoformic  acid  esters  (Vol.  I,  p.  504) . 
For  the  course  of  the  reaction,  see  StolU,  Adam,  Ber.  57,  1656. 

5,5'-Bi(l,2,3,4-tetrazol-l-ol)  explodes  at  176°  and  when  rubbed  vigorously; 
it  is  prepared  from  oxalhydrazide  oxime  and  nitrous  acid  (Wieland,  Ber.  42, 
4201) : 


HON\  /NOH  N2o3  N-N(OII)v  /N(OH)-N 

>C-C<  - >  ||  >c-c<  II 

NH2NH/  \NHNH2  N - INK  - N 


5-Cyanotetrazole  is  obtained  when  gaseous  dicyanogen  is  passed  through  an 
aqueous  solution  of  hydrazoic  acid,  according  to  equation  la  (p.  170). 

5-Tetrazolecarboxylic  acid  ethyl  ester,  (COOC2H5)CN4H,  m.p.  86°,  from 
cyanoformic  acid  ester  and  N3H,  yields  tetrazole  when  saponified.  2-Phenyl  - 

2,l,3,4-tetrazole-5-carboxylic  acid,  C6H5NN:C(C02H) -N:N,  m.p.  138°,  is 
formed  by  saponification  of  2-phenyl -5-cyanotetrazole  (p.  171),  from  gtyoxylic 
acid  phenylhydrazone  by  method  5  and  from  1 -phenyl -4- (benzoylisonitroso) - 
l,2,3-triazol-5-one  (p.  150)  by  rearrangement  in  cold  aqueous  sodium  hydroxide 
solution  ( Dimroth ,  Dienstbach,  Ber.  41,  4055) : 


C6H5N 


«N=N 

CO — C :  NO  •  COCells 


/N=N 

C6H5N<  |  +  c6h6co2h 

\n=c-co2h 


5-Tetrazolethiol  (or  tautomeric  form),  m.p.  205°  (dec.),  is  obtained  from  its 
methyl  ether,  CH3S-CN4H,  m.p.  151°  (dec.),  by  heating  with  hydriodic  acid. 

/NH2 

The  ether  is  prepared  from  methylthiosemicarbazide,  CH3SC<x  ,  with 

^NNH2 
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N203.  The  mercaptan  is  oxidized  by  nitric  acid  to  tetrazole  and  by  KMn04  to 
tetrazolesulfonic  acid,  C(S03H)N4H,  which  is  converted  by  alkali  fusion  to  5- 
tetrazolol  (or  tautomeric  form),  C(OH)N4H,  m.p.  254°  ( Freund ,  Paradies,  Ber. 
34,3110).  , - 1 

1 -Phenyl -5-tetrazolethiol  (or  tautomeric  form),  HS-C:NN :N-N -C6H5,  m.p. 
147-150°  (dec.),  from  thiocarbanilyl  azide  by  boiling  with  sodium  carbonate 
solution  ( Freund ,  Hernpel,  Ber.  28,  78;  Oliveri-M andala ,  Gazz.  44,  I,  670). 
Oxidation  with  KMn04  gives  1 -phenyltetrazolesulfonic  acid,  C(S03H)N4C6H5, 
from  which  the  sulfo  group  is  split  by  heating  with  HC1,  leaving  1 -phenyl-1, 2,3,4- 
tetrazol-5-ol  (p.  173). 

TETRAZOLIUM  COMPOUNDS  are  obtained  by  the  oxidation  of  the  usually 
highlv  colored  formazyl  derivatives,  as  the  y-tetrazines  are  prepared  from  osazones 
(p.323): 


/N-NHC6H5 

HC<f 

\N:NC6H5 


Formazyl  hydride 


/N-NC6H5 
■>  HC<f  I 

\N  :N(OH)C6H5 

Diphenyltetrazolium  hydroxide 


For  the  effect  of  substituents  on  this  ring-closure,  see  Wedekind,  Stauwe,  Ber 
31,  1746.  The  oxidation  is  best  accomplished  with  amyl  nitrite  and  hydrochloric 
acid,  which  gives  the  salts;  the  free  tetrazolium  compounds  result  from  the 
oxidation  with  mercuric  oxide  in  alcohol.  Like  all  ammonium  hydroxides,  the 
tetrazolium  hydroxides  are  strong  bases.  When  reduced  with  ammonium  sulfide, 
they  are  converted  back  to  formazyl  compounds. 

Diphenyltetrazolium  chloride,  CHN4(C6H5)2C1,  m.p.  268°  (dec.),  is  formed 
by  the  decarboxylation  of  diphenylcarboxytetrazolium  chloride,  CN4(C6H5)2C1  • - 
COOH,  m.p.  257°  (dec.);  the  ester  of  this  acid  is  prepared  from  formazylcar- 
boxylic  acid  ester  and,  like  the  acid  itself,  is  easily  converted  to  a  betaine  (I). 
(Dihydroxydiphenyl) -tetrazolium  betaine,  m.p.  179°  (dec.),  obtained  by  the 
same  method,  can  be  oxidized  to  tetrazole  (v.  Pechmann,  Wedekind,  Ber.  28, 
1693) ,  which  is  evidence  of  the  relation  between  the  tetrazoles  and  the  tetrazolium 
compounds.  Similarly,  (p-hydroxyphenyl) -diphenyltetrazolium  chloride  gives 
diphenyl  tetrazole  (Wedekind,  Ber.  29,  1852).  Carbethoxybiphenylenetetrazo- 
lium  chloride  (?)  (II),  from  cycloformazylcarboxylic  acid  ester  (?)  ( Wedekind , 
Ann.  295,  335) : 

/N— NC6H5 

(i)  c/  | 

\n=nc6h6 

I 

CO — o 


/N — N - C6H4 

R02C-C<^  I  |  (II) 

\n=nci— c6h4 


The  physiologically  important  pentamethylenetetrazole,  6,7 ,8, 9-tetrahydro-5- 
azepotetrazole ,  metrazole,  cardiazole,  m.p.  58°  (formula:  p.  171),  is  produced  by 
the  action  of  excess  hydrazoic  acid  on  cyclohexanone  ( Schmidt ,  Ber.  57,  704; 
U.  S.  Pat.  1599493,  1926) .  It  is  used  as  a  substitute  for  camphor.  For  its  action 
on  the  central  nervous  system,  see  Hildebrandt,  Arch. exptl. Path .Pharm.  116 
(1926),  100. 

Other  condensed  bicyclic  derivatives  of  tetrazole  are  obtained  from  «-hydrazino- 
pyridine,  and  tetracyclic  derivatives  from  2,7-dihydrazino-l,8-naphthyridine 
with  nitrous  acid  ( Seide ,  Ber.  59,  2465). 


Pentazoles 

1 

Attempts  to  synthesize  the  pentazole  ring  have  not  been  successful  ( cf .  Cur¬ 
tins,  Ber.  48,  1614) . 

A  derivative  of  the  corresponding  pentarsenole  has  been  prepared:  penta- 
methylpentarsenolane  {Auger,  C.r.  138,  1705). 
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D.  SIX-MEMBERED  HETEROCYCLIC 

COMPOUNDS 

I.  SIX-MEMBERED  RINGS  WITH  ONE  HETERO 

ATOM 

1.  SIX-MEMBERED  RINGS  WITH  ONE  O-ATOM 

A  number  of  compounds  which  belong  in  this  class  have  been  de¬ 
scribed  in  Volume  I  together  with  the  aliphatic  compounds  to 
which  they  are  related.  Such  compounds  include  the  anhydrides  of 
1,5-glycols,  the  5-lactones,  such  as  6-valerolactone,  and  the  an¬ 
hydrides  of  glutaric  acids,  for  example: 


/CH2— CH2x 
CH2<  >0 

xCH2— CH/ 
Tetrahydropyran 


/CH2— ch2x 
ch2<  > 

xCH2  —  CO/ 
5-Valerolactone 


/CH2— CO 
CH/ 

\ch2— CO 

Glutaric  anhydride 


(a)  Pyrans  and  Pyrones 

The  compounds  to  be  treated  in  this  volume  are  characterized  by 
having  rings  containing  two  double  bonds : 


[4] 

,CH2s 


[5]  HC 

II 

[6]  HC 


CH  13] 

II 

CH  12] 


xo/ 

HI 

1,4-Pyran 


[4] 

,co. 


[5]  HC 

[6]  HC 


CH  13] 
CH  12] 


xo/ 

[i] 

1,4-Pyrone 


[4] 


/CH\ 


[5] 

IIC 

CH 

[3] 

[6] 

HC 

ch2 

[2] 

[1] 

1,2-Pyran 


[4] 

,CH 


[5]  HC 

II 

16]  HC 


CH  [3] 

I 

CO  [2] 


^o/ 

[1] 

1,2-Pyrone 


These  compounds  also  contain  a  CH2-  or  a  CO-group,  which  is 
the  reason  that  they  resemble  unsaturated  aliphatic  compounds  in 
behavior;  none  has  an  aromatic  character. 

One  of  the  striking  properties  of  the  pyran  and  pyrone  ring  system 
is  the  ease  with  which  salts  are  formed  with  mineral  acids;  it  is  the 
oxygen  in  the  ring  which  causes  the  basicity.  Such  oxonium  salts 
have  been  prepared  in  large  numbers  from  1,4-pyrans;  they  are 
called  pyrylium  compounds  (or  pyroxonium  compounds) : 
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/CH\ 

IIC  CH 

HC  CH 

\qS 


Cl 

Pyrylium 

chloride 


A  general  ring-synthetic  method  for  the  preparation  of  pyrylium 
compounds  is  known  only  for  the  aryl  derivatives.  They  are  ob¬ 
tained  : 

( 1 )  From  aromatic  methyl  ketones  and  benzaldehyde  by  the 
condensing  and  oxidizing  action  of  concentrated  H2S04  ( Dilthey , 
Last,  J.pr.  94,  50;  Dilthey,  J.pr.  95,  107)  or  of  acetic  anhydride  and 
sublimed  ferric  chloride  ( Dilthey ,  Burger ,  Ber.  54,  825;  Schneider , 
Ross,  Ber.  55,  2775) : 


C6H6 

I 

CH3  0:CH  CIi 
I 

C6H5-CO 


HC1 


c6h6 

r 

/c\ 

HC  CH 


oc-c6h5  -h*  c6h5-c  c-c6h5 

\q/ 

I 

Cl 

2,4,6-Triphenylp3^rylium  chloride 

(2)  From  acetophenone  and  acetic  anhydride  (containing  sulfo- 
acetic  acid).  In  this  reaction  acetophenone  participates  as  dypnone 
(Vol.  Ill,  p.  578)  C Schneider ,  Ross,  Ber.  55,  2776): 


C6H6 

I 

a 


c6h6 


HC^  \^H 


HC^CxGH 


HCl 

0  - > 

C:0  C-CH,  C6H6-( 

/ 

\0/c 

HO 

1 

C-CH3 


Cl 


2-Methyl-4,6-diphenylpyrylium  chloride 


The  same  type  of  ring-closure  occurs  in  the  formation  of  2- 
methyl-4,6-di-m-tolylpyrylium  perchlorate  from  2  mols  toluene, 
acetic  anhydride  and  70%  perchloric  acid;  first  m-methylaceto- 
phenone  is  formed,  and  2  mols  of  this  react  with  another  mol  of 
acetic  acid  (anhydride)  according  to  the  above  equation  (Diels, 
Alder,  Ber.  60,  716). 

The  pyrylium  compounds  so  prepared  are  usually  isolated  as  the 
FeCl3  double  salts  or  as  the  perchlorates;  they  also  form  picrates. 
Pyrylium  compounds  substituted  only  by  phenyl  groups  are  con- 
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verted  by  sodium  acetate  into  colorless  pseudo  bases,  pyranols,  such 
as  2,4:fi-triphenyl-2-/pyranol,  m.p.  119°  (cf.  Dilthey,  J.pr.  101,  177): 


C6H5 

I 


c6h5 


HC' 


'Vh 


h5c6-cv  xpc6h5 
Xr 
I 

Cl 


HC/C^CH 

II  I 

H5C6  •  Cx  /C— c6h5 

\y  | 

OH 


or 


c6h6 

HC//C^CH 
H6C6-C  O :  C  •  C6H5 

V 


2-Methyl  derivatives,  on  the  other  hand,  give  blue-violet  prod¬ 
ucts  having  a  structure  similar  to  quinhydrone,  the  pyranhydrones 
(, Schneider ,  Ross,  Ber.  55,  2777).  Compounds  having  hydroxyl 
groups  on  the  benzene  rings  form  violones  ( Dilthey ,  Burger,  Ber.  54, 
825). 


Many  hexoses  may  be  considered  as  pentahydroxytetrahydropyrans.  Accord¬ 
ing  to  a  proposed  system  of  nomenclature  ( Goodyear ,  Haworth,  J.  1927,  3136), 
these  hexoses,  with  1,5-oxide  links,  are  known  as  pyranoses,  to  distinguish  them 
from  furanoses.  This  relationship  with  pyran  is  emphasized  by  the  manner  of 
writing  the  hexose  formulas  proposed  by  Haivorth  (Helv.  11,  534),  which  is  illus¬ 
trated  here  for  a-glucose  (see  also  Vol.  I,  p.  690) : 


OH  OH 


H  CH2OH 

a-Glucose 


Replacement  of  the  CH2-group  by  the  CO-group  in  the  corre¬ 
sponding  pyrans  gives  1,4-  and  1,2-pyrone. 


[4]  00 


[3]  [2] 

,CH=CH 


<Vy±-L=V 

nt—( 


'CH=CH 
[5]  [6] 


1/3]  [a] 

1,4-Pyrone 


PI 


[4]  CH 


[5] 

CH= 


16] 

=CH 


CH— CO 

[3]  [2] 


0  HI 


1,2-Pyrone 


The  latter  may  also  be  considered  as  the  lactone  of  a  5-hydroxy- 
diolefincarboxylic  acid. 

The  pyrones  are  readily  split  by  hydrolysis.  When  warmed  with 
ammonia  they  are  converted  to  pyridones  (hydroxypyridines)  (p. 
208) : 


178  SIX-MEMBERED  RINGS  WITH  ONE  HETERO  ATOM 


CH 


C(C02H)=CH 


CH- 


-CO 


O 


nh3 


l,2-Pyrone-5-carboxylic  acid, 
Coumalic  acid 


/C(C02H)=CHv 
CH<  >NH 

^CH - CO/ 

Hydroxynicotinic  acid 


CH=C(CH3) 

OC< 

\CH=C(CH3) 


O 


/CH=C(CH3)v 
OC<  _>NII 

v 


'CH=C(CH3)/ 

2,6-Dimethyl-l,4-pyrone  Lutidone,  2,6-dimethyl-4(l)-pyridone 


(a)  The  1,2-pyrones  are  also  known  as  coumalins.  1,2-Pyrone,  coumalin, 
and  4,6-dimethyl-l,2-pyrone,  dimethylcoumalin,  are  formed  from  their  carboxylic 
acids:  coumalic  acid,  2-oxo-l,2-pyran-5-carboxylic  acid  (ethyl  ester,  m.p.  34°), 
from  malic  acid  with  H2S04,  and  dimethylcoumaiic  acid,  isodehydroacetic  acid, 
4,6-dimethyl-2-oxo-l,2-pyran-5-carboxylic  acid,  m.p.  155°,  which  is  obtained  from 
acetoacetic  ester  with  H2S04  or  from  the  sodium  derivative  of  acetoacetic  ester 
and  /3-chlorocrotonic  acid  ester;  methyl  ester,  m.p.  67°,  b.p.  167°  (14  mm.); 
ethyl  ester  m.p.  25°,  b.p.  166°  (12  mm.).  When  the  esters  are  treated  with  am¬ 
monia,  an  addition  compound  containing  2  mols  of  NH3  is  formed  first;  at  higher 
temperatures  the  nitrogen  enters  the  ring  (see  above),  forming  3-carbethoxy-2,4- 
dimethyl-6(l)-pyridone : 

CH3  •  C :  C(C02R)  •  C(CH3) :  CH  •  CO  •  NH 


( Anschutz ,  Bendix,  Kerp,  Ann.  259,  172;  Pauly,  Ber.  30,  483).  6-Phenyl-l,2- 
pyrone,  phenylcoumalin,  m.p.  68°,  occurs  in  Coto  bark;  when  reduced  it  forms 
<5-phenylvaleric  acid,  and  when  treated  with  ammonium  acetate  it  gives  6-phenyl  - 
2(1) -pyridone  ( Leben ,  Ber.  29,  1673;  Ciamician,  Silber,  Ber.  29,  2659).  1,2- 
Pyrone -6 -carboxylic  acid,  m.p.  228°,  is  prepared  from  oxalocrotonic  acid  with 
alkalis  [Lapworth,  Proc.Chem.Soc.  16  (1900),  132].  3-Phenyl-l,2-pyrone-6- 
carboxylic  acid  ester,  from  3 -phenyl -2-propynylidenemalonic  ester  ( Claisen , 
Ber.  36,  3671) .  A  series  of  1,2-pyrone  derivatives  are  obtained  by  condensation 
of  acetylenecarboxylic  acid  esters  with  /3-diketones  or  /3-ketonic  acid  esters  and 
sodium  ethylate  ( Ruhemann ,  Cunnington,  J.  75,  778).  6-M ethyl-1, 2-pyrone- 

3,5-dicarboxylic  acid  ester,  m.p.  80°,  by  condensation  of  ethoxymethylene- 
mplonic  ester  with  sodium  acetoacetic  ester  ( Simonsen ,  J.  93,  1022). 

The  following  compounds  are  derivatives  of  l,2-pyran-2,4(3)-dione: 


[5]  [6] 

/CH=CH 

[41  OC< 

\ch2— CO 

[3]  [2] 


O  [1] 


Dehydroacetic  acid,  3-acetyl-Q-methyl-l,2-pyran-2,4(3)-dione  ( Senary ,  Ber.  43, 
1070),  prepared  by  boiling  acetoacetic  ester,  by  polymerization  of  ketene  CH2= 
CO  ( Staudinger ,  Klever,  Ber.  41,  597),  by  the  reaction  of  acetyl  chloride  with  ter¬ 
tiary  bases  ( Wedekind ,  Ann.  323,  247)  and  by  the  action  of  P205  on  boiling  acetic 
anhydride  {Diels,  Meyerheim,  Ber.  40,  362).  It  is  also  formed  by  decarboxyla¬ 
tion  of  3-acetyl-6-methyl-2,4(3)-dioxo-l,2-pyran-5-carboxylic  acid,  dehydroaceto- 
carboxylic  acid,  which  is  obtained  from  /3-oxo  glutaric  acid  with  acetic  anhydride 
{v.  Pechmann,  Neger,  Ann.  273,  186).  When  heated  with  concentrated  H2S04 
dehydroacetic  acid  is  converted  into  3-methyl-l,2-pyran-2,4(3)-dione,  triacetic 
acid,  which  regenerates  dehydroacetic  acid  when  heated  with  acetic  anhydride 
and  sodium  acetate  ( Dieckmann,.  Breest,  Ber.  37, 3387) .  Other  pyran-2,4-diones 
have  been  produced  by  the  action  of  tertiary  bases  on  monoalkylacetyl  chlorides 
{Wedekind,  Ann.  378,  261). 

(6)  1,4-Pyrones  are  usually  prepared  by  elimination  of  water  from  1,3,5- 
triketones  {Claisen,  Ber.  24,  111) : 


OC 


ch2coco2r 

ch2-coco2r 


Xanthochelidonic  acid 


OH=C— C02R 
OC(  >0 
\CH=C— C02R 

Chelidonic  acid  (see  below) 
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By  a  similar  reaction  benzylideneacetylpyruvic  acid  (T)  is  transformed  through 
the  dibromide  (II)  into  a  derivative  of  1,4-pyrone  (III)  ( Borsche ,  Peter ,  Ann.  453, 
148): 

ch2-coco2r  ch2coco2r  ch=cco2r 


CO 


CO 


CO 


o 


CH:CHC6H5 

(I) 


CHBr  •  CHBr  •  C6H5 
(II) 


CH=C  •  C6H6 

(III) 


The  1,4-pyrones  are  readily  converted  to  triketones  by  alkalis.  Although  the 
pyrones  contain  a  ketone  oxygen  atom  they  do  not  react  with  hydroxylamine 
and  the  like.  They  do  not  add  halogens.  A  characteristic  reaction  is  the  forma¬ 
tion  of  salt-like  addition  products  from  pyrones,  especially  dimethylpyrone,  and 
acids  or  metal  halides.  These  products  readily  dissociate  into  the  original  com¬ 
ponents.  This  property  is  evidence  of  the  existence  of  a  tetravalent  oxygen  atom 
in  these  compounds  ( Decker ,  v.  Fellenberg,  Ann.  364,  1 ;  Gomberg,  Cove,  Ann.  376, 
217). 

1,4-Pyrone,  pyrocomane,  m.p.  32°,  b.p.  315°,  is  obtained  from  its  carboxylic 
acids,  comanic  acid  and  chelidonic  acid,  which  lose  C02  when  heated  (W illstdtter , 
Purnmerer,  Ber.  37,  3744).  1,4-Pyrone,  which  may  be  regarded  as  the  an¬ 
hydride  of  bis(hydroxymethylene) -acetone,  CH(OH)  :CH  CO  CH:CH(OH), 
can  be  easily  decomposed  into  derivatives  of  this  ketone;  with  aqueous  sodium 
hydroxide  and  benzoyl  chloride  it  gives  the  0,0 '-dibenzoyl  derivative,  with 
potassium  methylate,  the  K-salt  of  the  monomethyl  ether,  CH3OCH :  CHCOCH :  - 
CHOK,  and  by  acetylation  with  orthoformic  acid  ester  and  hydrochloric  acid,  the 
hexaethylacetal  of  /3-oxo  glutar aldehyde,  (C2H50)2CH-CH2-C(0C2H5)2CH2-- 
CH(OC2H5)2  (c/.  the  fission  of  furan  to  the  tetramethylacetal  of  succinaldehyde, 
p.  16).  Pyrone  can  be  readily  regenerated  from  the  derivatives  of  ^^(hydroxy- 
methylene) -acetone  (W  illstdtter ,  Purnmerer,  Ber.  38,  1461).  Mono-  and  di- 
bromopyrone,  m.p.  114°  and  157°,  are  produced  by  the  action  of  undiluted  bro¬ 
mine  on  pyrone  (Feist,  Baum,  Ber.  38,  3562).  2,6-Bimethyl-l,4-pyrone,  m.p. 
132°  (sublimes  even  at  80°),  b.p.  248°,  is  formed  when  dehydroacetic  acid  is 
heated  with  HI  or,  better,  with  hydrochloric  acid  (preparation:  Willstatter, 
Purnmerer ,  Her .  38,  1465),  and  also  from  its  dicarboxylic  acid  (see  below)  (Feist, 
Ann.  257,  253).  Hydrochloride  C7H802  HC1  +  2H20,  m.p.  85°,  anhydrous, 
m.p.  154°;  chloroplatinate,  (C7H802)2H2PtCl6;  oxalate,  (C7H802)C204H2. 
When  boiled  with  barium  hydroxide  it  yields  di  acetyl  acetone,  which  can  be 
converted  directly  back  to  dimethylpyrone .  With  methyl  iodide  it  gives  dimethyl  - 
diacetylacetone,  which  condenses  to  tetramethyl- 1,4 -pyrone,  m.p.  92°,  when 
warmed  with  hydrochloric  acid  [Collie,  Steele,  Proc.Chem.Soc.  16  (1900),  146]. 
When  heated  with  ammonia  dimethylpyrone  forms  lutidone  (p.  178) .  2-Phenyl- 
6 -methyl -1,4 -pyrone,  m.p.  88°,  and  2, 6-diphenyl-l, 4-pyrone,  m.p.  139°,  are 
obtained  by  condensation  of  phenylpropiolic  acid  ester  with  acetone  and  aceto¬ 
phenone  (Ruhemann,  J.  93,  431) . 

3 -Hydroxy-1, 4-pyrone,  pyrocomenic  or  pyromeconic  acid,  m.p.  121  °,  b.p.  228°, 
is  prepared  by  distillation  of  its  carboxylic  acids,  comenic  and  meconic  acids. 
With  bases  it  forms  unstable  salts.  With  N203  it  gives  an  isonitroso  compound 

/CO-CH2v 

derived  from  the  tautomeric  keto-iorm,  OC\  7O;  ^his  isonitroso  deriva- 

XCH:CH/ 

tive  can  be  transformed  to  2, 3,4 -trihydroxy pyridine,  pyromecazonic  acid  [Peratoner, 
Atti  accad.Lincei  [5]  11  (1902),  I,  327].  2-Methyl -3-hydroxy-l, 4-pyrone, 
maltol,  m.p.  159°,  has  been  found  in  the  needles  of  pine  trees  and  in  the  bark  of 
larches,  and  is  formed  in  the  roasting  of  malt  [Peratoner ,  Tamburello,  Ber.  36, 
3407;  Giorn.sci.nat.econ.  25  (1905),  272]. 

1,4 -Pyrone -2 -carboxylic  acid,  comanic  acid,  m.p.  250°  (dec.),  results  from  the 
decarboxylation  of  chelidonic  acid;  it  decomposes  when  boiled  with  lime  into 
acetone,  formic  acid,  and  oxalic  acid,  and  reacts  with  ammonia  to  form  hydroxy  - 
picolinic  acid  (p.  217).  1,4 -Pyrone -2, 6 -dicarboxylic  acid,  chelidonic  acid,  m.p. 
220°,  occurs  together  with  malic  acid  in  celandine,  Chelidonium.maius  (Lerch, 
Ann.  57,  274),  and  can  be  easily  prepared  by  elimination  of  water  from  xantho- 
cheiidonic  acid.  It  forms  colorless  salts.  When  warmed  with  alkalis  it  is  con- 
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verted  into  salts  of  xanthochelidonic  acid,  which  are  yellow.  Reduction  yields 
7-oxopimelic  acid,  hydroclielidonic  acid  (Vol.  I,  p.  625)  and  n-pimelic  acid.  Am¬ 
monia  gives  hydroxj^pyridinedicarboxylic  acid  (p.  217). 

5 -Hydroxypyrone -2 -carboxylic  acid,  comenic  acid  [Peratoner,  Palazzo,  Giorn. 
sci.nat.econ.  25  (1905),  45],  from  meconic  acid,  reacts  with  ammonia  to  form 
clihydroxypicolinic  or  comenamic  acid  (p.  217),  which  can  also  be  obtained  from 
3-hydroxypyrone-2,6-dicarboxylic  acid,  meconic  acid,  C5H(OH)  (C00H)202  + 
3H20,  which  occurs  in  opium,  bound  to  morphine  (How,  Ann.  83,  352).  It 
loses  C02  readily;  ferric  oxide  colors  it  dark  red.  The  constitution  of  this  acid  has 
been  determined  from  its  decomposition  products  with  barium  hydroxide  (Pera- 
toner,  Leonardi,  Gazz.  30,  I,  539). 

2,6-Dimethylpyrone-3,5-dicarboxylic  acid;  its  ethyl  ester,  m.p.  80°,  is  pre¬ 
pared  by  elimination  of  water  from  a,Y-diacetyl-/3-oxo  glutaric  acid  ester,  CO- 
[CH(COOR)COCH3]2  (Conrad,  Guthzeit,  Ber.  20,  154;  Peratoner,  Strazzeri, 
Gazz.  21,  292) . 

Tetrahydropyrone  derivatives  result  from  the  condensation  of  /3-oxoglutaric 
acid  esters  with  aldehydes  in  the  presence  of  hydrochloric  acid  (Petrenko -Krit- 
schenko,  Stanischewsky ,  Ber.  29,  994;  Petrenko-Kritschenko,  Arzibascheff,  Ber. 
29,2051): 


/CH2(C02R) 

OC<  +  2  OCHC6H5 

xCH2(C02R) 


OO 


CH(C02R) — CH(C6H5) 
CH(C02R)— CH(C6H5) 


o 


2, 6 -Dimethyl-  and  2,6-diphenyltetrahydropyrone-3,5-dicarboxylic  acid  diethyl 
ester,  m.p.  102°  and  115°;  the  free  acids  can  be  decarboxyl ated  to  tetrahydro- 
pyrones,  which  are  easily  converted  by  mineral  acids  to  diolefin  ketones.  2,6- 
Diphenyltetrahydropyrone,  m.p.  131°,  gives  dibenz  lacetone.  Unlike  the  py- 
rones  the  tetrahydropy rones  yield  oximes  immediately  (Petrenko-Kritschenko, 
Plotnikoff,  Ber.  30,  2801;  Petrenko-Kritschenko,  Ber.  31,  1508;  32,  809;  Pe¬ 
trenko-Kritschenko,  Rosenzweig,  Ber.  32,  1744).  2,6-Diphenyl-3,5-dimethyl- 
tetrahydropyrone,  C5H402(CH3)2(C6H5)2,  m.p.  106°,  b.p.  236°  (20  mm.),  is 
formed  from  diethyl  ketone  with  2  molar  proportions  of  benzaldehyde  in  the  pres¬ 
ence  of  alcoholic  alkali  (Vorlander,  Hobohm,  Ber.  29,  1352). 


(b)  Benzopyrans  and  Benzopyrones 

The  benzopyrans  are  derived  from  the  monocyclic  pyrans,  and  the  benzopyryl- 
um  compounds,  from  the  pyrylium  compounds: 


yv  /CH. 

A7  Vh 


1 ,2-Benzopyran 


O 


,CH 


y\  /-CHv 

/V  \CH 


SA0  / 


Ah 


1,4-Benzopyran 


X 

Benzopyrylium  compound 


( 1 )  For  the  preparation  of  benzopyrylium  compounds,  which  are  the  most 
important  members  of  this  group,  gaseous  hydrogen  chloride  is  allowed  to  act  on 
the  ether  solution  of  aromatic  o-hydroxyaldehydes  and  a -substituted  /3-oxo  car¬ 
boxylic  acid  esters,  1,3 -diketones  (C hatter ji,  Ghosh,  J.  113,  444)  or  ketones  of  the 
type  of  methyl  ethyl  ketone  [Decker,  v.  Fellenberg,  Ann.  364,  21;  De,  Quart. J. 
Indian  Chem.Soc.  4  (1927),  23,  137] : 


/\/CH:0 


+ 


HC(R)-COOC2H5 

O :  C  •  CH3 


OH 


Salicylaldehyde 


HC1 
- > 


Subst.  acetoacetic  ester 
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/\  /CBL 

/N/  V>R 


V\ 


o 


cxi3 

OH 


HCl 


Pseudo-base, 
Subst.  benzopyranol 


/\^CH\c.r 

U\0/"'CHl 

Cl 

Subst.  benzopyrylium 
chloride 


(2)  Bz -Hydroxy benzopyrylium  salts  are  formed  from  polyhydric  phenols 
with  hydroxyl  groups  in  the  1,3-position  and  aliphatic  1,3-diketones  under  the 
influence  of  hydrogen  chloride : 


HO 


A| 

V 


ch3 

I 

HOC 


OH 
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V)H 

I 

O:  C-CH3 


HCl 


/V 


ch3 

Cv 


CH 


H0VwG-CH3 
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Cl 


2 -Phenylbenzopyran,  which  is  also  called  flavene,  and  the  2-phenylbenzopyryl- 
ium  or  flavylium  compounds  are  of  especial  significance: 


/X  /CH2V 
A/  ^CH 

V\  o  /C'CeHs 


pi 


O  /  [21 


12' 1  [3'] 

\[4'j 


16']  [S'] 

X  111 

Flavylium  compounds 


Flavene 

Flower  pigments  are  hydroxyl  derivatives  of  this  trinuclear  ring  system. 

Synthesis  of  Flavylium  Compounds. — ( 1 )  The  first  method  of  general  appli¬ 
cability  was  found  by  Decker  and  v.  Fellenberg  (Ann.  356,  281 ;  364,  1)  in  the  action 
of  phenylmagnesium  bromide  on  coumarin  or  substituted  coumarins: 


A/CHVh 


-(-CeHfiMgBr 


A  /CH. 

Njh 


o 


,co 


HCl 


/VCH\ch 
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,c— c6h5 


A-C6Hb 


OH 


O 

Cl 


(2)  The  second  method  is  derived  from  the  ring -synthesis  given  (p.  180)  for 
benzopyran.  It  consists  in  the  treatment  of  ether  solutions  of  acetophenone  and 
aromatic  0 -hydroxy aldehydes  with  gaseous  hydrogen  chloride  ( Decker ,  v.  Fellen¬ 
berg,  Ann.  356,  295;  364,  1;  Robertson,  Robinson,  J.  1926,  1951;  Irvine,  Robin¬ 
son,  J.  1927,  2086) : 


CH:0 
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h2ch 


zv  /CH. 

^CH 


A  A  O :  C  •  C6H5 

^  XOH 
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x>c6h6 


Subst.  benzopyranol  (pseudo-base) 
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(3)  Flavylium  compounds  can  also  be  obtained  by  the  second  general  method 
given  on  p.  181  for  the  synthesis  of  benzopyrylium  compounds,  if  benzoylacetone 
or  derivatives  of  it  are  used  in  place  of  purely  aliphatic  1,3 -diketones  as  the  second 
component  ( Billow ,  Schmid,  Ber.  39,  214,  2027). 

The  flavylium  salts  form  characteristic  double  salts  with  a  series  of  heavy -metal 
salts,  such  as  FeCl3,  AuC13,  HgCl2,  CdCl2,  sparingly  soluble  Pb -salts  and  picrates 
( Karrer ,  Widmer,  Helv.  10,  9,  73),  which  can  be  used  for  their  isolation  and 
identification.  When  treated  with  alkali  they  are  readily  converted  to  pyranols 
(see  above). 

Benzopyrylium  chloride,  FeCl3  double  salt,  m.p.  199°.  2-Methylbenzopyryl- 
ium  chloride,  FeCl3  double  salt,  m.p.  118°.  2-Phenylbenzopyrylium  chloride, 

flavylium  chloride,  m.p.  70°,  FeCl3  double  salt,  m.p.  129°  {Decker,  v.  Fellenberg, 
Ann.  356,  298).  2,3-Diphenylbenzopyrylium  chloride,  FeCl3  double  salt,  m.p. 
124°.  For  further  benzopyrylium  and  naphthopyrylium  compounds,  see  Decker, 
v.  Fellenberg,  Ann.  364,  17  ff. 

S'jd'-Dihydroxyflavylium  chloride  ( Robertson ,  Robinson,  J.  1926,  1951); 
butinidin  chloride,  7,3 ',4 ' -trihydroxy flavylium  chloride;  apigenidin  chloride, 
5,7 ,4' -trihydroxy flavylium  chloride;  luteolidin  chloride,  5,7,3  ',4 '  -tetrahydroxy  - 
flavylium  chloride  {Robertson,  Robinson,  J.  1926,  1951;  Irvine,  Robinson,  J.  1927, 
2086) . 

For  derivatives  of  3-phenylbenzo'pyran,  see  Baker,  Robinson,  J.  127,  1981;  J. 
1926,  2713. 

The  well-known  flower  pigments  of  the  rose,  of  the  cornflower,  of  the  pelargo¬ 
nium,  and  of  the  larkspur,  as  well  as  the  pigments  of  the  whortleberry  and  the 
grape,  and  many  others,  are  hydroxyl  derivatives  (or,  in  some  cases,  methoxy 
derivatives)  of  a  3 -hydroxy flavene  (formula,  p.  181).  The  clarification  of  the 
constitution  of  these  substances  is  due  to  the  pioneer  work  of  R.  Willstdtter  (Ann. 
408,  1-162;  summary:  Ber.  47,  2865)  and  the  more  recent  work  of  P.  Karrer 
{Karrer,  Widmer,  Helv.  10,  5,  67;  11,  837;  12,  292;  Karrer,  et  al.,  Helv.  10,  729, 
750;  Karrer,  Schwarz,  Helv.  11,  916). 

The  pigments  occur  in  the  flowers  as  glucosides,  sometimes  esterified  with  tan¬ 
nic  acid.  The  glucosides  are  called  anthocyans.  These  are  split  by  20%  hydro¬ 
chloric  acid  into  carbohydrates  and  the  sugar -free  components,  the  anthocyani- 
dins,  which  are  obtained  as  oxonium  salts.  They  were  the  starting  point  for  the 
analytical  work.  Clues  to  the  constitution  of  these  pigments  were  obtained  first 
from  alkali  fusion,  and  later  by  heating  with  10-15%  NaOH  or  10%  Ba(OH)2 
solution  {Karrer,  Widmer,  Helv.  10,  5)  or  hydrogen  peroxide,  and  permethylation 
and  subsequent  selective  hydrolysis  {Karrer  et  at.,  Helv.  10,  729).  Ozonide 
fission :  Karrer,  Schwarz,  Helv.  11,  916.  One  of  the  products  of  the  alkali  fission 
was  phloroglucinol,  and  another  was  a  hydroxy-  or  polyhydroxvbenzoic  acid 
such  as  p-hydroxybenzoic  acid,  protocatechuic  acid,  vanillic  acid,  gallic  acid 
syringic  acid  (4-hydroxy -3, 5-dime thoxybenzoic  acid).  In  the  anthocyans  the 
hexose  or  disaccharide  residue  is  attached  to  the  hydroxyl  group  in  the  3-position 
of  the  pyrylium  ring,  and  the  tannic  acid  radical  is  substituted  on  the  aromatic 
nucleus  condensed  to  this  ring  {Karrer  et  al.,  Helv.  10,  730). 

THE  MOST  IMPORTANT  ANTHOCYANIDIN  CHLORIDES.  (For  the 
formula  and  numbering  of  the  flavylium  compounds,  see  p.  181.)  Pelargonidin 
chloride,  3, 5, 7, 4 ' -tetrahydroxy flavylium  chloride,  m.p.  over  350°,  from  the  pelar¬ 
gonium,  aster,  and  dahlia  {Willstdtter,  Ann.  408,  54),  balm  {Karrer,  Widmer, 
Helv.  10,  67;  11,  837),  and  pomegranate  blossoms  {Karrer,  Widmer,  Helv.  10, 
76).  Cyanidin  chloride,  3, 5,7,3 ',4 ' -pentahydroxy flavylium  chloride,  m.p.  220°, 
from  the  rose,  cornflower,  and  cranberry  {Willstdtter,  Everest,  Ann.  401,  227; 
Willstdtter,  Ann.  408,  12).  Peonidin  chloride,  3,5,7 ,4' -tetrahydroxy -3' -methoxy - 
flavylium  chloride,  from  the  peony  {Willstdtter ,  Ann.  408,  136;  Karrer,  Widmer, 
Helv.  10,  8).  Delphinidin  chloride,  3,5,7 ,3' ,4' ,5' -hexahy dr oxy flavylium  chloride, 
m.p.  over  350°,  from  larkspur  {Willstdtter,  Ann.  408,  78;  Karrer,  Schwarz,  Helv. 
11, 916),  whortleberry,  grape,  mallow  {Karrer,  Widmer,  Helv.  10,  5),  and  gentian 
{Karrer,  Widmer,  Helv.  10,  67).  Syringidin  chloride,  3, 5,7, 4 ' -tetrahydroxy  - 
3' ,5' -dimethoxy flavylium  chloride,  from  the  blue  grape,  the  mallow,  the  cyclamen, 
and  whortleberry  {Karrer,  Widmer,  Helv.  10,  5) .  Hirsutidin  chloride,  3,5(or  7)  ,- 
4' -trihydroxy -7 (or  5)  ,3 ',5 ' -trimethoxy flavylium  chloride,  from  Primula  hirsuta 
{Karrer  et  al.,  Helv.  10,  758) . 

For  other  anthocyans  or  anthocyanidins,  see  Karrer  et  al.,  Helv.  10,  67,  758. 
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These  anthocyanidin  chlorides  are  mostly  red  substances,  which  are  converted 
by  alkali  to  the  violet  to  blue  pigment  bases;  the  latter  isomerize  quickly  to  color¬ 
less  pseudo-bases.  It  is  remarkable  that  the  same  pigment  is  contained  in  the 
red  rose  and  the  blue  cornflower;  the  different  shades  are  functions  of  the  hydro¬ 
gen  ion  concentration  of  the  cell  sap  (see  also  Karrer  et  al.,  Helv.  10,  742). 

Synthesis  of  the  Anthocyanidins. — The  constitution  of  the  flower  pigments  has 
been  proved  by  the  complete  synthesis  of  the  anthocyanidins.  The  older  methods 
used  the  synthesis  of  flavylium  chloride  given  on  p.  181,  with  phloroglucinaldehyde 
as  the  aldehyde.  This  necessitates  subsequent  introduction  of  the  3 -hydroxyl 
group  {Willstatter,  Mallison,  Sitz.-ber.kgl.preuss.Akad.Wiss.,  1914,  769). 

It  is  better  to  introduce  this  hydroxyl  group  at  the  beginning,  as  Willstatter 
(Ber.  57,  1938)  did  in  the  synthesis  of  cyanidin  iodide: 


HO 


/V 


CH:0 


HO 


OH 

Phloroglucin¬ 

aldehyde 
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H2C-OCH3 


/C:0 

HO- 

Methoxyacetic 

acid 


Perkin 


reaction 


[CH3]HO 

VbOCtB 


Veratryl- 

magnesium 

iodide 


™  V\  o  / 


CO 


[CH,] 


Trimethoxycoumarin  (after 
methylation  with  diazomethane) 


CH30 


,CH< 


H3colVx 


C  •  OCH3  0CH 
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0CH3 


OH 


Pentamethyl  ether  of  the  cyanidin 
pseudo-base 
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OH 


Cyanidin  iodide 

(Identical  with  the  compound  from  the  rose: 
Robinson,  Willstatter,  Ber.  61,  2504;  Kuhn 
W  agner-J  aur  egg,  Ber.  61,  2506) 


Another  important  synthesis  of  the  anthocyanidin  group  was  developed  by 
Robinson  and  Pratt  (J.  127,  166,  1128).  They  used  a. -methoxy acetophenone 
derivatives  in  the  flavylium  synthesis  given  on  p.  181 : 


HO 


A/™:°  H.OTCH, 

vL„+ 


OCH3 


HC1 


OH  prr 

\c.OH 


OCH3 


HO 


S/\0/ 


C— r 


OH 
>OH 


Phloroglucinaldehyde  4-Methoxyacetoveratrole 


Cl 

Cyanidin  chloride 
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For  the  synthesis  of  anthocyans  with  the  sugar  radical  in  the  4 '-position,  see 
Robertson,  Robinson,  J.  1926,  1713. 

For  the  synthesis  of  spiropyrans,  see  Lowenbein,  Katz,  Ber.  59,  1377;  Dilthey, 
Wubken,  Ber.  61,  963. 

The  COUMARINS  (I)  and  ISOCOUMARINS  (II)  are  benzo 
derivatives  of  1 ,2-pyrone.  The  isocoumarins  can  be  converted  by  NH3 
with  equal  ease  into  benzopyridones  or  hydroxyisoquinoline  deriva¬ 
tives,  which  is  analogous  to  the  conversion  of  the  pyrones  to  pyri- 
dones. 


(I) 


C6II4 


CH=CH 
O - CO 


CH=CH 

C6H4<  I  (II) 
XX)—  o 


Coumarin  and  its  homologues  have  been  treated  in  Vol.  Ill  as  the  lactones  of 
o-hydroxy cinnamic  acids. 

Isocoumarins,  the  lactones  of  o-/3-hydroxyvinylbenzoic  acids,  are  usually  pre¬ 
pared  by  the  following  methods:  ( 1 )  Benzylidene-  and  alkylidenephthalides 
can  be  rearranged  into  isobenzylidenephthalides  or  isocoumarins  ( Pinner ,  Ber.  20, 
2363;  Ruhemann,  Ber,  24,  3973) : 


/C=CH  •  C6H6 

C6H4<  >0  - > 

XCO 

Benzylidenephthalide 


/CH=C-C6H5 
c6h4<  I 

XX)—  O 


Phenylisocoumarin 


(2)  Isocoumarins  are  formed  by  the  hydrolysis  with  acids  of  the  condensation 
products  of  acid  anhydrides  or  chlorides  and  o-cyano-a-tolunitrile;  one  cyano 
group  is  split  off,  and  the  other  is  hydrolyzed  ( Gabriel ,  Neumann,  Ber.  25,  3566; 
Gabriel,  Posner,  Ber.  27,  827) : 


,CH2(CN)  (RCO)2o  /C(CN)=C-R 

C6H4<  - - >  C6H4<  | 

\n 


CN 


ON 


OCO-R 


H2O  /CH=C  •  R 

- >  C6H4<  t 

XX)—  o 


Coumarinaldehydes  are  obtained  by  the  Reimer-Tiemann  method  (Sen, 
Chakravarty ,  Am.  50,  2428). 

\  /0H 

BENZOPYRANOLS.  Benzopyranols,  which  contain  the  grouping  >C< 

/  XR 


in  place  of  the  >CO-group  of  benzopyrone,  are  produced  by  condensation  of  o- 
hydroxybenzaldehydes  and  ketones  by  means  of  acids;  they  are  the  pseudo-bases 
of  the  benzopyrylium  compounds  described  above. 


/CHO  CH3 
c6h4<  +  I 

X)H  CO-CHa 


CII=CH 
C6H4<  I 
xO- 


C(OH).CH3 


The  simplest  benzopyranols  are  unstable  compounds.  With  mineral  acids  and 
metal  halides,  like  xanthydrol  and  phenylxanthenol  (p.  189),  they  form  highly 
colored  salt-like  compounds,  some  of  which  are  very  stable  ( Decker ,  v.  Fellenberg, 
Ann.  364,  17;  Gomberg,  Cone,  Ann.  370,  196). 

2-Phenyl-2-benzopyranol,  from  acetophenone  and  salicylaldehyde,  is  converted 
back  to  its  components  by  aqueous  sodium  hydroxide.  2,3 -Diphenyl -2-benzo- 
pyranol,  m.p.  122°,  from  salicylaldehyde  and  desoxy benzoin. 

Among  the  benzopyranols  are  those  dyestuffs  which  result  from  the  condensa¬ 
tion  of  polyhydric  phenols,  such  as  resorcinol,  pyrogallol,  phloroglucinol,  and 
hydroxyhydroquinone,  with  /3-diketones : 


yH  C6H6.COCH2 
(HO)2C6H2<  -  +  | 

X)H  COCeHfi 


/C(C6H6):CH 

(HO)2C6H2<  I 

X) - C(OH)(C6H6) 
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Dyes  such  as  phenacetein,  resacetein,  and  orcacetein,  which  are  prepared  to¬ 
gether  with  hydroxyacetophenones  (Vol.  Ill,  p.  351)  by  the  action  of  acetic  an¬ 
hydride  and  zinc  chloride  on  phenols,  are  also  benzopyranols  ( Billow ,  Wagner, 
Ber.  34,  1189;  36,  1941;  Billow,  v.  Sicherer,  Ber.  34,  2368;  Billow,  Grotowsky, 
Ber.  35,  1799;  Billow,  Riess,  Ber.  36,  3607;  Billow,  Sautermeister,  Ber.  37,  354; 
Billow,  Deiglmayr,  Ber.  37,  1791;  Billow,  Schmid,  Ber.  39,  850). 

BENZO-  and  DIBENZO-l,4-PYRONE  are  the  parent  compounds  of  a  large 
number  of  yellow  plant  pigments  ( v .  Kostanecki),  some  of  which  resemble  the 
simple  1,4-pyrones  (p.  179)  in  forming  salt-like  compounds  with  acids. 

.CO— CH 

1,4-Benzopyrone,  CeH4<f  ||  .  The  parent  compound  of  this  group  is  also 

xO - CH 

called  chromone,  while  the  2-phenyl  derivative  is  known  as  flavone.  Chromones 
and  flavones  are  obtained : 

( 1 )  From  their  2-carboxylic  acids,  which  result  from  the  condensation  of 
phenoxyfumaric  acids  in  the  presence  of  sulfuric  acid  ( Ruhemann ,  Stapleton,  J.  77, 
1179;  Ruhemann,  Bausor,  J.  79,  470;  Ruhemann,  Wragg,  J.  79,  1185): 

/COOH  /O - C-COOH  yO - CH 

C6H5OC4  - >  c6h4<  II  - >  C6h/  II 

^CHCOOH  \CO— CH  \CO— CH 

Chromone 


From  0-phenoxycinnamic  acid  ester,  2-phenylchromone  or  flavone  is  obtained 
{Ruhemann,  Ber.  46,  2188;  54,912). 

(2a)  2-Alkyl-  or  2-arylchromones  or  2-chromonecarboxylic  acids  are  prepared 
from  o-hydroxybenzoyl-/3-ketones  and  o-hydroxybenzoylpyruvic  acid  esters: 


/OH 

C6H4< 

xCOCH2COCH3 


/O — c-ch3 
c6h4<  II 

xCO— CH 


/OH 
C6H4< 


COCHoCOCOOR 


/O - C-COOH 

C6H4<  || 

xCO— CH 


(2b)  A  similar  synthesis  consists  in  the  treatment  of  o-hydroxyacetophenone 
and  homologous  ketones  with  acetic  anhydride  ( Wittig ,  Bangert,  Ber.  58,  2627, 
2636;  Wittig,  Ann.  446,  155) : 


/OH  HOCOCH, 
C6H4<  + 

xCO - CH2R 


C 


/O - C-CH3 

6h4<  || 

xCO— C-R 


(3)  Flavone  ( 2-phenylchromone )  is  also  formed  from  benzylidene-o-acetoxy- 
acetophenone  dibromide  with  alkali : 


/OCOCHj  /O - C-C6H5 

C6H4<  - >  C6II4<  || 

xCO  •  CHBr  •  CHBrC6H5  xCO— CH 

Substituted  benzylidene-o-hydroxy acetophenones  condense  partially  during 
their  preparation  and  partially  when  treated  with  hydrochloric  acid  or  aqueous 
sodium  hydroxide  to  dihydroflavones  or  flavanones  ( Lowenbein ,  Ber.  57,  1515) : 


/OH 

C2H5OC6H3< 


xCOCH :  CHC6H3(OCH3)2 


->  (C2H50)C6H3< 


yO - CHC6H3(OCH3)2 


sCO— ch2 

3-Ethoxy-3',4'-dimethoxyflavanone 


(4)  A  method  especially  adapted  for  the  preparation  of  flavanones  (2,3-di- 
hydroflavones)  and  flavones  comprises  the  reaction  of  cinnamic  acid  chloride  (for 
flavanones)  or  of  phenylpropiolic  acid  chloride  (for  flavones)  with  the  methyl 
ethers  of  phenols  in  the  presence  of  aluminum  chloride  ( Simonis ,  Z.Angew.Chem. 
39,  1461) : 
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C1CO 


^ch 
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CO 
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\ch2 
/in  •  c6h5 
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o 


,c  •  c6h& 


When  treated  with  bromine  and  alkali,  some  substituted  benzylidene-o- 
hydroxy acetophenones  are  converted  to  flavones  ( Blumstein ,  v.  Kostanecki,  Ber. 
33,  1478) ;  others,  when  their  dibromides  are  treated  with  alkali,  give  in  place  of 

/C0\ 

the  flavones  the  isomeric  benzylidenecoumaranones :  CeH4<^  p>C:CHC6H6 

(see  page  55)  ( Emilewicz ,  v.  Kostanecki,  Ber.  32,  309).  The  dibromides  of 
the  benzylidenecoumaranones  rearrange  in  alkaline  medium  under  certain  con¬ 
ditions  into  flavonols  (formula,  p.  188)  ( Auwers ,  Muller,  Ber.  41,  4233).  The 
course  taken  by  this  reaction  depends  on  various  reaction  conditions  and  on  the 
substituents  present  in  the  benzene  ring  (see  the  systematic  investigations  of  v. 
Auwers,  Anschutz,  Ber.  54,  1543;  also  Rothlisberger ,  Helv.  8,  112). 

When  heated  with  alkali  the  flavones  are  first  split  into  o -by  droxy  phenyl -/3- 

/OH 

diketones,  such  as  CeH4<(  ;  further  decomposition  proceeds  in  two 

xCOCH2COC6H5 

directions:  into  acetophenone  and  o-hydroxybenzoic  acid,  and  into  o-hydroxy- 
acetophenone  and  benzoic  acid  ( Kostanecki ,  Tambor,  Ber.  33,330).  Hydroxy  - 
flavones  and  hydroxy  flavonols,  of  which  many  are  known  ( Berstein ,  Fraschina, 
v.  Kostanecki,  Ber.  38,  2177),  generally  dye  alumina  mordants  yellow  ( Bonifazi , 
v.  Kostanecki,  Tambor,  Ber.  39,  86). 

A  series  of  plant  pigments  are  derived  from  flavone  (see  p.  187) .  The  deriva¬ 
tives  of  3 -hydroxy flavone,  flavonol,  are  better  known.  The  introduction  of  the 
OH  group  in  the  3-position  during  the  synthesis  of  the  flavonol  dyes,  fisetin, 
quercetin,  and  kaempferol,  takes  place  after  the  formation  of  the  flavanone  ring- 
system.  With  N203  these  flavanones  yield  isonitroso  compounds,  which  decom¬ 
pose  on  hydrolysis  into  hydroxylamine  and  flavonols.  The  following  equations 
give  these  reactions  for  fisetin : 


O— CII  •  C6H3(OCH3)2  /O— C  •  C6H3(OCH3)2 

CH3OC6H3<  I  —  CII3OC6H3<  II 

XCO  •  C :  (NOH)  \CO  •  C (OH) 


/O— C-C6H3(OH)2 
HOC6H3<  || 

XX)C(OH) 

Fisetin 

Relation  of  Flavone  and  Flavonol  Dyes  to  Benzopyrylium  Compounds  and  Antho- 
cyanidins. — If  the  formulas  of  the  flavone  dyestuffs  or  of  the  flavonols  are  com¬ 
pared  with  those  of  the  benzopyrylium  compounds  or  anthocyanidins,  it  is  ap¬ 
parent.  that  the  latter  are  reduction  products  of  the  former.  This  has  been  veri¬ 
fied  experimentally  by  the  conversion  of  flavone  dyes  to  derivatives  of  benzo¬ 
pyrylium  ( Asahina ,  Inubuse,  Ber.  61,  1646)  with  sodium  amplgam,  and  of  quer¬ 
cetin,  as  an  example  of  a  flavonol  dye,  into  cyanidin  chloride  with  magnesium  and 
acid  ( Willstatter ,  Mallison,  Ann.  408,  27;  Sitz.-ber.kgl.preuss.Akad.Wiss.  1914, 
769;  Willstatter,  Ber.  47,  2874) .  Probably  in  the  plants  the  flavones  or  flavonols 
are  the  forerunners  of  the  flower  pigments  [cf.  Noack,  Z.Botan.  14  (1923),  1; 
Karrer,  Schwarz,  Helv.  11,  916] .  The  following  equations  illustrate  these  transi¬ 
tions  : 
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Quercetin 


Cl 

Cyanidin  chloride 


1,4-Benzopyrone,  chromone ,  m.p.  59°,  is  obtained  by  heating  its  2-carboxylic 
acid,  m.p.  251°  (dec.),  which  is  prepared  from  phenoxyfumaric  acid  with  concen¬ 
trated  H2S04  and  from  o-hydroxybenzoylpyruvic  acid  with  hydrochloric  acid  (see 
above).  2-Methylchromone,  m.p.  71°,  from  l-o-methoxybenzoylacetone  with 
hydriodic  acid  by  method  2  (see  above).  Many  hydroxychromones  have  been 
prepared  by  similar  reactions  {cf.  the  summary  by  Heywang,  v.  Kostanecki,  Ber. 
35,  2890).  The  methyl  group  in  the  2-position  is  very  reactive,  like  the  methyl 
group  in  quinaldine.  A  3, 7-dihydroxy  chromone  is  formed  by  the  action  of  air 
on  an  alkaline  solution  of  brasilin. 

Chromonols  (3 -hydroxychromones)  are  obtained  from  2, 4-dihydroxy -co-meth- 
oxyacetophenone  with  acetic  anhydride  and  sodium  acetate  {Allan,  Robinson,  J. 
125,  2192) : 


CO* 


HO 


+ 

OH  HO' 


‘CH2OCH3 

O 

,C-CH3 


/CO, 

AV  xc-och3 


ch3co-o 


o 


ch3 


2, 7-Dihydroxy  chromone,  m.p.  249°  (dec.). 

The  2-phenyl  derivatives  of  3 -hydroxy chromone,  the  flavonols  (see  p.  188) ,  are 
more  important  than  the  2-alkyl-3-hydroxychromones. 

Flavone,  2-phenyl-l  A-benzopyrone,  2-phenylchromone,  m.p.  97°,  from  benzal-o- 
acetoxyacetophenone  dibromide  and  from  l-o-hydroxyphenyl-l,3-butanedione. 
The  farinaceous  covering  of  certain  types  of  Primula  is  almost  pure  flavone.  For 
derivatives  of  3-phenylchromone  ( isoflavone )  see  Bargellini,  Monti,  Atti  accad. 
Lincei  [6]  8,  395;  Baker,  Pollard,  Robinson,  J.  1929,  1468.  Chrysin,  5,7 -di- 
hydroxy  flavone  (for  the  numbering  of  substituents,  see  above),  m.p.  275°,  occurs 
in  the  buds  of  various  types  of  poplars  and  is  synthesized  by  boiling  the  condensa¬ 
tion  product  of  phloroacetophenone  trimethyl  ether,  benzoic  ester,  and  sodium 
ethylate  with  hydriodic  acid  {Emilewicz,  v.  Kostanecki,  Tambor,  Ber.  32,  2448; 
v.  Kostanecki,  Lampe,  Ber.  37,  3167).  Apigenin,  5,7 ,4' -trihydroxy flavone,  m.p. 
347°,  occurs  as  the  glucoside  apiin  in  parsley  and  celery,  and  is  synthesized  from 
the  condensation  product  of  phloroacetophenone  trimethyl  ether  and  anisic  acid 
ester  {Wahl,  Ber.  33,  1988;  Vongerichten,  Ber.  33,  2334;  Ann.  318,  121;  Breyer, 
v.  Kostanecki,  Ber.  38,  931).  Luteolin,  5,7,3 ' A' -tetrahy dr oxy flavone,  m.p.  329°, 
the  yellow  pigment  of  weld,  Reseda  luteola  (cf,  Vol,  III,  p.  578),  is  prepared  by 
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condensation  of  phloroacetophenone  trimethyl  ether  and  veratric  acid  ester  ( v . 
Kostanecki,  Rdzycki,  Tambor,  Ber.  33,  3410;  Oilier ,  v.  Kostanecki,  Ber.  34,  1449; 
Fainberg,  v.  Kostanecki,  Ber.  37,  2625). 

For  aminoflavones  see  Bogert,  Marcus,  Am.  41,  83. 

o — c-c6h5 

The  following  pigments  are  derived  from  3-flavonol,  C6H4<^ 

xCO— C(OH) 

bright  yellow  needles,  m.p.  170°,  which  is  obtained  by  hydrolytic  fission  of  the 

yO - CHC6H5 

isonitroso  derivative  of  flavanone,  C6II4<(  I  ,  m.p.  76°,  prepared  by 

xCO— CH2 

boiling  o-hydroxybenzylidene-acetone  with  hydrochloric  acid  ( v .  Kostanecki, 
Szabranski,  Ber.  37,  2819;  formula,  p.  186) .  The  following  are  also  called  antho- 
xanthins.  Galangin,  5,7 -dihydroxy -3-flavonol,  m.p.  218°,  is  found  together  with 
kaempferol  (see  below)  in  the  galanga  root;  synthesis:  v.  Kostanecki,  Lampe, 
Tambor,  Ber.  37,  2803.  Kaempferol,  5,7 ,4' -trihydroxy -3-flavonol,  m.p.  274°,  is 
a  constituent  of  the  galanga  root  and  also  occurs  as  the  rhamnoside  kaempferitrin, 
C27H30O14,  in  Java  indigo  ( Perkin ,  J.  91,  435)  and  as  the  glucoside  robinin  in  the 
leaves  of  Robinia  pseudacacia  ( Waliaschko ,  Arch.Pharm.  247  (1909),  447]  (syn¬ 
thesis:  v.  Kostanecki,  Lampe,  Tambor,  Ber.  37,  2096;  cf.  Testoni,  Gazz.  30,  II, 
327).  Fisetin  (I),  m.p.  330°,  and  quercetin  (II),  m.p.  314°;  the  constitution 
of  these  pigments,  of  which  the  former  is  obtained  from  the  young  fustic  of 
Rhus  cotinus  and  from  the  wood  of  quebracho  Colorado  ( Perkin ,  Hummel,  J.  69, 
1295),  and  the  latter  is  obtained  from  quercitrin  (Vol.  Ill,  p.  578),  the  glucoside 
of  the  bark  of  quercus  tinctoria,  was  determined  from  their  decomposition  products 
and  by  synthesis  (see  above  and  v.  Kostanecki,  Lampe,  Tambor,  Ber.  37,  1402; 

O - C-C6H3  [3',4'](OH)2 

(I)  HO[7]C6H3<  ]| 

xCO— C(OH) 


0_C-C6H3[3',4'](OH)2 
(HO)2[5,7]C6H2<  ||  (II) 

xCO— C(OH) 

v.  Kostanecki,  Nitkowski,  Ber.  38,  3587).  Morin,  5,7 ,2'  ,M-tetrahydroxy-3- 
flavonol,  m.p.  290°,  from  Morus  tinctoria ,  is  synthesized  from  the  condensation 
product  of  2,4-dimethoxybenzaldehyde  with  phloroacetophenone  dimethyl  ether 
(y.  Kostanecki,  Lampe,  Tambor,  Ber.  39,  625)  or  from  co-methoxyphloroaceto- 
phenone  with  2,4-dimethoxybenzoic  acid  anhydride  ( Robinson ,  Venkataraman, 
J.  1929,  61).  Myricetin,  5,7 ,3' ,4' ,5' -pentahy  dr  oxy -3-flavonol,  m.p.  355-360°, 
is  a  yellow  dye  obtained  from  the  bark  of  Myrica  nagi  ( Perkin ,  J.  81,  203).  For 
other  yellow  dyes  of  this  group,  such  as  vitexin  from  Vitex  littoralis  and  scoparin 
from  gorse  and  Spartium  scoparium,  see  Perkin,  Wood,  Proc.Chem.Soc.  1897/- 
1898,  No.  190,  56;  Perkin,  ibid .  1898/1899,  No.  198,  183;  15,  123;  Molisch, 
Goldschmidt,  Mo.  22,  679. 

For  a  series  of  new  syntheses  of  flavones  and  flavonols,  see  Kalff,  Robinson,  J. 
127,  1968;  Robertson,  Robinson,  J.  1926,  1713;  1927,  242,  1710;  Robinson  et  al., 
J.  1926,  1951,  1959,  1968,  2334,  2336,  2344;  Pratt,  Robertson,  Robinson,  J.  1927, 
1975. 

Derivatives  of  flavanone  are  also  found  in  nature.  They  were  formerly  thought 
to  be  hydroxychalcone  derivatives,  but  have  since  been  identified  as  flavanones. 
The  flavanone  ring  readily  opens,  producing  isomeric  hydroxychalcones  ( Asahiria , 
Inubuse,  Ber.  61,  1515). 

Naringenin,  5,7 ,4' -trihydroxy flavanone,  m.p.  248°;  synthesis  from  p-cumaric 
acid  chloride  and  phloroglucinol  ( Rosenmund ,  Rosenmund,  Ber.  61,  2608). 


0H  CO 

/\/C0\CH, 


HO 


V\0/ 


,in - ^>OH 


Naringenin 
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Sakuranetin  is  the  7-monomethyl  ether  of  naringenin  (synthesis:  Asahina, 
Shinoda,  Inubuse,  J.Pharm.Soc.  Japan  1927,  133).  Hesperitin,  5,7,3  '-tri- 
hydroxy-A'-methoxyflavanone,  m.p.  224°,  is  obtained  by  fission  of  the  glucoside 
hesperidin.  Homoeriodictyol,  5,7 ,4 ’ -trihydroxy -3' -methoxyflavanone,  m.p.  223°; 
eriodictyol,  5,7,3 ',4 1 -tetrahydroxiyflavanone,  m.p.  267°,  both  from  the  leaves  of 
Eriodictyon  calif ornicum. 


(c)  Dibenzopyrans  and  Dibenzopyrones 

The  xanthenes  and  xanthones  are  dibenzopyrans  and  dibenzopyrones: 


Xanthene: 


6  7 T  4 

/V 


V\  o  /V 

8X1 


Xanthone: 


Xanthenes  are  usually  obtained  by  reduction  of  the  easily  obtained  xanthones. 
A  comprehensive  ring -synthesis  is  known  only  for  the  hydroxyxanthenes.  It 
consists  in  the  action  of  acid  condensing  agents  on  a  mixture  of  aromatic  o- 
hydroxy  aldehydes  or  ketones  and  polyhydric  phenols : 


R 

If 

1 

/\/C:0  A, 

1 

A/C%A 

+ 

^Joh  OH^OH 

- > 

V\0/V\ 

Xanthene,  colorless,  m.p.  99°,  b.p.  312°,  is  prepared  bj'  reduction  of  xanthone 
and  hydroxyxanthones ;  when  fused  with  KOH  it  gives  o-dihydroxybenzophe- 
none.  3,6-Dimethylxanthene,  a-pyrocresol,  m.p.  196°,  occurs  in  coal  tar  ( Zmerz - 
likar,  Mo.  31,  897).  9-Phenylxanthene,  m.p.  145°,  by  reduction  of  phenylxan- 
thenol  (see  below) .  9,9-Diphenylxanthene,  m.p.  200  °,  from  o -phenoxy  triphenyl - 
methanol  by  elimination  of  water  ( Ullmann ,  Engi,  Ber.  37,  2367).  Phenylxan- 
thenes  occur  in  coal  tar  [Russig,  Z.angew.Chem.  32  (1919),  37;  Marcusson,  ibid. 
32,  385].  Tetramethyldiaminoxanthene  (I),  m.p.  116°,  from  tetramethyldi- 

CH*  CH 

(I)  (CH,)2NC«HS<^  !^>C6HsN(CH3)2  (II) 

aminodihydroxydiphenylmethane  with  H2S04,  is  the  leuco  base  of  the  dye  pyronine 
( Bucherer ,  GroUe,  Ber.  39,  993).  Dinaphthoxanthene  (II),  m.p.  199°,  is  formed 
by  the  condensation  of  formaldehyde  with  2-naphthol  (Wolff,  Ber.  26,  84). 
Octahydroxanthenedione,  m.p.  163°,  is  prepared  from  methylene -hydroresor¬ 
cinol  with  acetic  anhydride  ( Vorlander ,  Ann.  309,  348) . 

Dixanthyl  (III),  m.p.  205°,  and  its  9,9 '-dialkyl  derivatives  are  obtained  from 
xanthydrol  by  treatment  with  VC12  or  VC14  in  strong  hydrochloric  acid  (Conant, 
Garvey ,  Am.  49,  2080).  They  dissociate  more  or  less  readily  into  highly  colored 
free  xanthyl  radicals  ( loc .  cit ) .  The  same  type  of  dissociation  has  been  found  with 
dixanthyl-9,9'-dicarboxylic  acid. 

.C6H4x  /C6H4x  /CH(OH)x 

(III)  0<  >CHCH<  >0  C6hZ  (IV) 

xc6h4/  XC6Il/ 

Xanthydrol  (IV),  9 -hydroxy xanthene ,  m.p.  124°  (not  sharp) ,  is  prepared  by  care¬ 
ful  reduction  of  xanthone;  it  is  an  unstable  substance  which,  like  benzhydrol  (Vol. 
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III,  p.  512),  has  a  great  tendency  toward  loss  of  water  and  formation  of  its  ether, 
xanthydrol  ether,  (Ci3H90)20,  m.p.  200°  {Meyer,  Saul,  Ber.  26,  1276).  With 
urea  xanthydrol  forms  a  very  sparingly  soluble  dixanthylurea,  m.p.  about  260° 
(dec.),  which  is  suitable  for  the  quantitative  determination  of  urea  in  very  small 
amounts  [Iwanoff,  Z. physiol. Chem.  170,  276;  Biochem.Z.  135  (1923),  6]. 
Dibenzoxanthydrol,  HOCH(Ci0H6)2O,  is  present  in  the  reaction  products  of 
chloroform  and  alkali  on  2-naphthol  {Fosse,  Bull.  [3]  27,  496;  Gomberg,  Cone, 

,C(OH)(C6H6)v 

Ann.  376,  195) .  9-Phenylxanthydrol,  C6H4C^^  ^^C6H4,  m.p.  158°, 

O  ^ 

from  xanthone  and  C6H5MgBr. 

Xanthydrol,  dibenzoxanthydrol  and,  to  a  greater  degree,  9-phenylxanthydrol 
show  the  same  abnormal  mobility  of  the  hydroxyl  group  as  triphenylmethanol. 
The  OH  group  can  easily  be  replaced  by  Cl  and  Br.  The  chloride  and  bromide, 
which  are  colorless  in  the  solid  state,  correspond  to  the  colorless  triphenylmethyl 
halides;  with  excess  mineral  acid  or  metal  halide  they  form  highly  colored  double 
salts.  As  in  the  case  of  triphenylmethanol,  the  sulfate  and  perchlorate  of  xan¬ 
thydrol  are  highly  colored  in  the  solid  state.  The  uncolored  salt-like  compounds 
are  probably  derived  from  xanthene,  while  the  colored  double-compounds  with 
mineral  acids  and  heavy  metal  salts  are  derived  from  the  o-quinoid  xanthylium 
structure : 


Colorless 


c6h5 


xx 


V\0/\/ 

I 

Cl 

Red 


HC1 


The  parallelism  of  9-phenylxanthydrol  with  triphenylmethanol  is  also  evident 
in  the  formation  of  the  free  radical  9  -phenylxanthyl  by  elimination  of  the  halogen 
from  9-phenylxanthydrol  chloride  with  molecular  silver  in  benzene  solution,  giv¬ 
ing  a  deep  red  solution,  from  which  the  radical  can  be  isolated  {Schlenk,  Ann.  394, 
188).  Bfs-(9-phenylxanthyl)peroxide,  colorless,  m.p.  about  220°. 

The  fluorans,  fluorones,  and  fluorimes  are  related  to  the  xanthydrols  {Mohlau, 
Koch,  Ber.  27,  2887) : 


C6H4— CO  R  R 

I  I  I  •  I 

/Cv — o  /Cv  A 

C6H4<^p>C6H4  O :  C6H3<^C6H4  HN :  C6H3^^>C6H4 

Fluoran  Fluorones  Fluorimes 

* 

These  are  the  parent  substances  of  the  fluorescein,  rosamine,  and  rhodamine 
dyes,  and  have  been  partially  described  in  connection  with  them.  Among  the 
fluorimes  is  pyronine,  a  dye  which  is  obtained  from  dihydroxytetramethyldiamino- 
diphenylmethane  by  elimination  of  water  and  oxidation;  the  leuco  derivative  of 


(CH3)2N-C6H3- 


'CI\ 
'  o 


C6H3:N(CH3)2C1 


Pyronine 


pyronine  is  tetramethyldiaminoxanthene  (p.  189).  When  oxidized  in  alkaline 
solution  pyronine  gives  tetramethyldiaminoxanthone,  m.p.  241  °.  Pyronine  dyes 
silk  and  mordanted  cotton  a  beautiful  shade  of  rose  {Mohlau,  Koch,  Ber.  27,  2896; 
Biehringer,  Ber.  27,  3304;  J.pr.  54,  217). 


XANTHONES 
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Xanthones 


9-OXOXANTHENES,  XANTHONES,  are  prepared  by  the  fol¬ 
lowing  general  methods: 

(1)  From  arylsalicylic  acids  by  elimination  of  water  (  Ullmann, 
Zlokasoff,  Ber.  38,  2111;  Ullmann ,  Wagner ,  Ann.  355,  359): 

✓COOH 

C6H4<  '  - > 

xo— c6h5 


(#)  By  condensation  of  salicylic  acid  and  phenols  with  H2SO4, 
acetic  anhydride,  and  the  like  ( Graebe ,  Ber.  21,  502;  cf.  Strohback, 
Ber.  34,  4136): 


(HO)C6H3' 


H 

OH 


Resorcinol 


+ 


HO -CO 
HO 


•c6h4 


Salicylic  acid 


(HO)C6H 


4 


Hydroxyxanthone 


( 3 )  By  distillation  of  orthophosphoric  acid  esters  of  phenols  with  potassium 
carbonate  (Fosse,  C.r.  136,  1006). 

XANTHONE,  Ci3H802,  m.p.  174°,  b.p.  250°,  is  obtained  from  phenyl  salicylate 
or  phenylsalicylic  acid  (Vol.  Ill,  p.  357)  with  concentrated  H2S04,  from  phenyl 
phosphate  and  potassium  carbonate  by  distillation,  from  2,2'-diaminobenzo- 
phenone  with  nitrous  acid  ( Staedel ,  Ber.  27,  3363),  and  from  fluoran  and  hydro- 
fluoranic  acid  (Vol.  Ill,  p.  544)  by  distillation  with  lime  (Meyer,  Hoffmeyer, 
Ber.  25,  2119).  By  careful  fusion  with  KOH  it  is  opened  to  dihydroxybenzo- 
phenone  (Vol.  Ill,  p.  521).  As  benzophenone  gives  tetraphenylethylene  (Vol. 
Ill,  p.  574),  so  xanthone  is  converted  by  treatment  with  zinc  dust,  hydrochloric 
acid,  and  glacial  acetic  acid  into  9-xanthylidenexanthene,  O(C0H4)2C :  C(C6H4)20, 
m.p.  315°  (Gurgenjanz,  v.  Kostanecki,  Ber.  28,  2311).  Like  the  flavones 
the  xanthones  do  not  react  directly  with  hydroxylamine  and  phenylhydrazine; 
however,  2,2'-dihydroxybenzophenone  and  aniline  give  xanthone  anil,  0(C6H4)2- 
C:NC6H5,  m.p.  134°,  converted  by  II2S  to  xanthione,  tliioxanthone,  0(C6H4)2CS, 
m.p.  156°;  the  latter  with  hydroxylamine  and  phenylhydrazine  yields  xanthone 
oxime,  0(C6H4)2C:N0H,  m.p.  16i°,and  xanthone  phenylhydrazone,  m.p.  152° 
(Graebe,  Roder,  Ber.  32,  1688). 

Hydroxyxanthone s,  Ci3H7(0H)02;  all  four  possible  isomers  are  obtained  by  con¬ 
densation  of  salicylic  acid  with  resorcinol,  hydroquinone,  and  pyrocatechol  (v. 
Kostanecki,  Rutishauser,  Ber.  25,  1652;  Dreher,  v.  Kostanecki,  Ber.  26,  71). 

Dihydroxyxanthones :  1,3-dihydroxyxanthone,  m.p.  259°  (Nishikawa,  Robin¬ 
son,  J.  121,  839). 


EUXANTHONE,  3,5-DIHYDROXYXANTHONE, 


hoc6h3<^ 


CO 

o 


c6h3oh, 


yellow  needles,  m.p.  237°  (sublimable),  occurs  free  and  in  combination  with  glu¬ 
curonic  acid  as  euxanthinic  acid  [Neuberg,  Neimann,  Z. physiol. Chem.  44  (1905), 
114]  in  Indian  yellow,  which  is  formed  in  the  urine  of  cows  after  ingestion  of  the 
leaves  of  Mangifera  indica.  The  mother  substance  is  mangin  [Wiechowski,  Arch. 
exptl.Path.Pharm.  97  (1923),  462].  Euxanthone  has  been  synthesized  by  con¬ 
densation  of  equimolar  proportions  of  /3-resorcylic  acid  and  hydroquinonecar- 
boxylic  acid  with  (CH3C0)20  (v.  Kostanecki,  Nessler,  Ber.  24,  3982;  v.  Kosta¬ 
necki,  Ber.  27,  1989;  Graebe,  Ber.  33,  3360;  Ann.  254,  265;  Ullmann,  Panchaud, 
Ann.  350,  108).  2,7-Dihydroxyxanthone,  from  2,2',4,4'-tetrahydroxybenzo- 
phenone  (a  fission  product  in  the  alkali  fusion  of  fluorescein  chloride)  by  heating, 
forms  colorless  needles  and  shows  a  strong  violet-blue  fluorescence  in  alkaline 
solution  (Meyer,  Conzetti,  Ber.  30,  969).'  1,8-Dihydroxyxanthone  and  3,6- 
dihydroxyxanthone  (Baeyer,  Ann.  372,  131,  139).  2,4,6-Trihydroxyxanthone, 
gentisein,  Ci2H2(0H)302(  +2H20) ,  m.p.  315°,  is  synthesized  from  hydroquinone- 
carboxylic  acid  and  phloroglucinol ;  it  dyes  mordanted  cotton  bright  yellow.  Its 
monomethyl  ether  is  gentisin,  which  occurs  in  the  root  of  Gentiana  lutea  (v.  Kosta- 
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necki,  Tanibor,  Mo.  15,  1;  Dickinson,  Heilbron,  J.  1927,  1699).  Dibenzoxan- 
thones  and  benzoxanthenes :  Schmidlin,  Huber,  Ber.  43,  2825. 

Nitroxanthones:  Dhar,  J.  117,  1053. 


(d)  More  Complicated  Pyran  and  Pyrone  Derivatives 

USNINIC  ACID,  Ci8Hi607  ( Schopf ,  Ann.  459,  233),  which  is  present  in  many 
lichens,  has  been  found  to  be  a  derivative  of  coumarin,  having  the  constitution: 

HsCs^COCHs 

c-ch3 


CO 

CHaCO-i 


II 

H  O 


-C-CIR 


A, 


BRASILIN,  C16H1405,  present  in  redwood,  and  HEMATOXYLIN,  Ci6H1408, 
present  in  logwood,  contain  a  pyran  ring.  Hematoxylin  is  a  hydroxyl  derivative 
of  brasilin,  as  the  following  formulas  show: 


Os 


Ho/^/  ^CH 


V\c/Cs0H 


H 


H2 


* 


OH  OH 


HO 


,Os 


HO/V7  \CH2 

H?  V 


OH  OH 


Brasilin  Hematoxylin 

These  structures  have  been  assigned  to  these  compounds  on  the  basis  of  their 
oxidative  degradation  (a)  with  the  oxygen  of  the  air  in  alkaline  solution  to  3,7- 
dihydroxychromone  and  3,7,8-trihydroxychromone,  respectively,  and  (6)  of  their 
permethylated  products  to : 


[CH30]  q 

CHaO/V"  ^CH2 

CO 


CO 


ch2 


which  is  reduced  by 
phenylhydrazine  to 


OCHa  OCHa 

Trimethylbrasilon 
(or  tetramethylhematoxylon) 


[CH30]  0 

CHa  o/v  ^CH, 


ch2 


och3  och3 

Trimethylanhydrobrasilin 
(or  tetramethylanhydrohematoxylin) 


The  constitution  of  the  latter  compound  has  been  proved  by  synthesis  ( Pfeiffer , 
Oberlin,  Ber.  57,  208;  60,  2142;  Pfeiffer,  Oberlin,  Konermann,  Ber.  58,  1947; 
Pfeiffer,  Haack,  Willems,  Ber.  61,  294;  Pfeiffer,  Angern,  Hanck,  Willems,  Ber. 
61,  839,  1923;  Pfeiffer,  Willems,  Ber.  62,  1242;  Perkin,  Rdy,  Robinson,  J.  1926, 
941;  1927,2094;  1928,1504). 

Ceroxenes,  containing  a  xanthene  ring  combined  with  an  anthracene  ring,  are 
prepared  either  analogously  to  anthraquinone  (Vol.  Ill,  p.  656)  from  fluorans 
with  fuming  sulfuric  acid  or  from  1 -phenoxyanthraquinone  with  concentrated 
sulfuric  acid  ( Decker ,  Ann.  348,  210;  Decker,  v.  Fellenberg,  Ann.  356,  317) : 
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C6H4 — C - C6H4  C6H4— C(OH)— c6h4  c6h4— CO  c6h„ 

I  / 1  I  - >  I  I  I  « -  I  I  I 

CO-O  C6H4— O  CO - C6H3 - O  CO — c6h3— o 

Fluoran  Ceroxonol  1-Phenoxyanthra- 

quinone 

An  important  derivative  of  ceroxonol  is  cerulein : 

C6H4  •  c  ------- --C6H2(:  O)  (OH) 

I  I  I 

CO— C6H(OH)2— o 

an  olive-green  cotton  dye,  fast  to  light;  it  is  obtained  by  treating  gallein  with  con¬ 
centrated  sulfuric  acid.  It  is  a  derivative  of  anthraquinone. 


2.  SIX-MEMBERED  RINGS  WITH  ONE  S-ATOM 


1,4-Thiapyrans 


Six-membered  rings  containing  sulfur  as  a  hetero  atom  occur  in 
the  derivatives  (of  which  only  a  few  are  known)  of  the  hypothetical 
1,4-thiapyran,  penthiophene: 


[3]  12] 

/CH=CH 
[4]  CH2< 

\CH=CH 
[5]  [6] 


> 


S  11] 


3-Methyl-l,4-thiapyran,  oil,  b.p.  134°,  d19  0.994,  is  formed  from  a-methyl- 
glutaric  acid  with  P2S3,  in  the  same  way  as  thiophene  is  obtained  from  succinic 
acid  (p.  24)  ( Krekeler ,  Ber.  19,  3266) : 


CH; 


CH(CH3)C02H 


CH2 


-C02H 


p2s3  C(CH3)=CHX 

- >  ch2<  >s 

r/ 


CH= 


a-Methylglutaric  acid  3-Methyl-l,4-thiapyran 

It  gives  the  same  color  reactions  as  thiophene  with  isatin  or  phenanthraquinone 
and  sulfuric  acid.  It  is  more  unstable  than  the  thiophenes,  being  oxidized  even 
by  very  dilute  potassium  permanganate  solution  to  acetic  acid  and  oxalic  acid. 
With  acetyl  chloride  and  A1C13  it  gives  acetylmethyl-l,4-thiapyran,  CaH4(CO- 
CH3)(CH3)S,  b.p.  235°. 

1,4-Thiapyrone  and  1,4-thiapyranone  are  prepared:  (a)  From  /3-thiodipro- 
pionic  acid  esters  by  application  of  the  Dieckmann  reaction,  which  gives  4-hy- 
droxy-5,6-dihydro-l,2-thiapyran-3-carboxylic  acid  ester,  and  hydrolysis  of  the 
latter  to  1,4-thiapyranone  ( Bennett ,  Scorah,  J.  1927,  194) : 


/s\- 

h2c 

1 

ch2 

h2c  ch2 

h2c 

1 

CH2— COOR 

h2c  c-coor 

\  \  / 

COOR  COH 


(6)  By  the  action  of  H2S  on  diolefin  ketones,  such  as  dibenzalacetone,  in  the 
presence  of  sodium  acetate  and  dehydrogenation  of  the  thiapyranones  so  formed 
with  PCI5  {Arndt,  Nachtwey,  Pusch,  Ber.  58,  1633) : 


H2s 


/co\ 

ch2  ch2 


pels 


/co\ 

CH  CH 


C6H5-CH  CH -Celia 

\S/ 


c6h6-c  c- 


C6Hs 


s 


2,6-Diphenyl-l  ,4-thiapyranone 
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1,4-Thiapyranone,  m.p.  66°,  from  4-hydroxy-5,6-dihydro-l,2-thiapyran-3- 
carboxylic  acid,  b.p.  150-151°. 

2,6-Diphenyl-l,4-thiapyrone,  m.p.  133°.  2,6-Diphenyl-l,4-thiapyranone 

occurs  in  two  stereoisomeric  forms,  m.p.  114°  and  88°. 

The  products  of  the  reaction  of  carbon  disulfide  and  caustic  alkali  with  ketones 
of  the  type  RCH2COCH2R  are  derivatives  of  1 ,4-thiapyrone  ( Apitzsch ,  Ber.  38, 
2888;  Apitzsch,  Kelber,  Ber.  43,  1259). 

The  BENZOTHIAPYRANS  include  the  sulfur  analogues  of  chromone,  flavone, 
‘  and  flavanone.  Literature:  v.  Braun,  Ber.  43,  3225  (thiochroman) ;  Simonis, 
Elias,  Ber.  49,  768  (thiochromenes) ;  Ruhemann,  Ber.  46,  2191,  3384  (thio- 
flavones) ;  v.  Auwers,  Arndt,  Ber.  42,  2706;  Arndt,  Ber.  56, 1271  (thioflavanones) . 

For  spectrochemical  data,  see  the  work  of  F.  Krollpfeiffer,  Ber.  56,  1819;  58, 
1654,  1677. 

The  DIBENZO  DERIVATIVES  of  1 ,4-THIAPYRAN  are  the  sulfur  analogues 
of  xanthenes  and  xanthones,  the  thiaxanthenes  and  thiaxanthones.  They  are 
prepared  by  the  following  methods: 

1.  From  phenylthiosalicylic  acid  with  concentrated  sulfuric  acid  or  acetic 
anhydride. 

2.  By  condensation  of  thiosalicylic  acid  (Vol.  Ill,  p.  360)  or  dithiosalicylic 
acid  with  benzene  hydrocarbons,  halogen  derivatives  of  benzenes,  and  phenols 
by  means  of  concentrated  H2S04  ( Ullmann ,  v.  Glenck,  Ber.  49,  2487) : 


/COOH 

C6H4<  +  C6H6 

XSH 


/C0\ 

C6H4<Q  ^>C6H4 


3.  Trihydroxythiaxanthones  are  obtained  from  gallic  acid  and  thiophenols 
in  the  presence  of  concentrated  H>S04  ( Ullmann ,  Sone,  Ber.  44,  2146). 

/CH2v 

Thiaxanthene ,  C6H4<^  ^  ^>C6H4,  m  .p .  128  °,  b  .p .  340  °,  is  formed  pyrogenically 

from  phenyl  tolyl  sulfide  and  also  by  reduction  of  thiaxanthone  with  hydriodic 
acid  and  phosphorus. 

<-CH(OH)s 

Thiaxanthydrol,  C6H4<  ^  ^CfB.4,  m.p.  97°,  by  reduction  of  thiaxan¬ 


thone  with  zinc  dust  and  alkali  (Mayer,  Ber.  42,  1135).  Phenylthiaxanthenol, 

/C(OH)(C6H6)x 

C6H4/  ^^CeH4,  m.p.  106°,  from  thiaxanthone  and  CeH5MgBr 

( Gomberg ,  Cone,  Ann.  376,  201) .  Attempts  to  isolate  the  free  phenylthiaxanthyl 
radical:  Gomberg,  Minnis,  Am.  43,  1940. 

/C0\ 

Thiaxanthone,  benzophenone  sulfide,  C6H4<  >C6H4,  m.p.  207°,  b.p.  273°, 

x  s*/ 

is  isomeric  with  xanthione  (p.  191) ;  it  is  prepared  from  phenylthiosalicylic  acid 
(Graebe,  Schultess,  Ann.  263,  1)  and  from  thiosalicylic  acid  and  benzene  by  con¬ 
densation  in  the  presence  of  concentrated  H2S04.  Oxidation  converts  it  to 

/CO. 

“benzophenone  sulfone,”  C6H4<(  >C6H4,  m.p.  187°,  which  is  also  obtained 

XSO/ 

by  oxidation  of  the  diphenylmethane  sulfone  CH2(C6H4)2S02,  m.p.  170°  (from 
diphenylmethane  with  chlorosulfonic  acid)  ( Lapworth ,  J.  73,  402),  and  from  o- 
carboxydiphenyl  sulfone  with  concentrated  sulfuric  acid  [Ullmann,  Lehner,  Ber. 
38,  735;  Weedon,  Doughty,  Am.Chem.J.  33  (1905),  386].  For  tetramethyl- 
diaminodiphenylmethane  sulfone  and  tetraniethyldiaminobenzophenone  sulfone, 
see  Sachs,  Ber.  33,  965.  For  other  derivatives  of  thiaxanthone,  see  Mayer, 
Ber.  42,  3046;  43,  584;  Ullmann,  v.  Glenck,  Ber.  49,  2487.  Thiopyronine,  the 
dyestuff  corresponding  to  pyronine: 


'CHx 

v  >C6H,:N(CH3)2Ac 

s 


(CH3)2NC6H3. 
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is  prepared  from  tetramethyldiaminodiphenylmethane  by  treatment  with  a 
solution  of  sulfur  in  fuming  sulfuric  acid  and  yields  on  oxidation  tetramethyldi- 
aminothiaxanthone,  CO(C6H3N(CH3)2)2S,  m.p.  288°  ( Biehringer ,  Topaloff, 
J.pr.  65,  499) . 

SELENAXANTHONES  are  also  known. 

Selenaxanthone,  m.p.  192°,  from  (chloroseleno)phenol-o-carboxylic  acid 
chloride  and  benzene  in  the  presence  of  aluminum  chloride  ( Lesser ,  Schoeller, 
Ber.  47,  2505;  Lesser,  Weiss,  Ber.  57,  1078) . 

TELLURAPYRANS .  /3-Diketones  react  with  TeCl4  to  give  cyclic  tellurium 
compound?  having  the  following  constitution  ( Morgan ,  J.  127,  2611) : 


O 

,C- 


RaC 


R2 

-Cv 


TeClo 


c — <y 

O  R2 


3.  SIX-MEMBERED  RINGS  WITH  ONE  N-ATOM 

% 

(a)  Pyridines* 


The  pyridine  ring,  consisting  of  five  methine  groups  and  one  nitro¬ 
gen  atom,  is  one  of  the  most  important  heterocyclic  systems.  Pyri¬ 
dine  is  the  parent  compound  of  a  number  of  natural  products,  includ¬ 
ing  various  alkaloids.  It  is  present  in  the  products  of  the  pyrolysis  of 
organic  compounds  containing  nitrogen.  Pyridine  derivatives  have 
been  obtained  from  coal  tar  (Meyer,  Hofmann,  Mo.  37,  681;  Eckert, 
Loria,  Mo.  38,  225),  shale  tar  [Eguchi,  Bull. Chem.Soc. Japan  2  (1927), 
176],  wood  tar,  lignite  tar  (in  small  quantities),  low- temperature  tar 
(Fromm,  Eckard,  Ber.  56,  948;  Morgan,  J.Soc.Chem.Ind.  47T,  131) 
and  bone  oil  (cf.  pp.  203,  205).  For  the  occurrence  of  pyridine  in  fusel 
oil,  see  Bamberger,  Einhorn,  Ber.  30,  224. 

The  first  pyridine  bases  were  isolated  from  bone  oil  in  1846  by  An¬ 
derson,  who  gave  the  parent  substance  the  name  of  pyridine.  The 
bases  were  thoroughly  investigated  from  1879  on  by  Weidel  and  his 
pupils,  and  by  Ladenburg. 

The  formation  of  the  pyridine  bases  in  bone  oil  is  due  to  the  inter¬ 
action  of  fats  (glycerol  esters)  with  compounds  containing  ammonia 
(such  as  proteins) ;  the  acrolein  first  formed  reacts  with  the  ammonia 
(cf.  method  of  preparation  1).  Bone  glue  containing  no  fats  yields 
not  pyridine  bases,  but  pyrroles  (p.  29)  (Weidel,  Ciamician ,  Ber.  13, 
83).  Coal  tar  is  the  principal  source  of  technical  pyridine  bases. 

The  outstanding  chemical  property  of  the  pyridine  ring  is  its  resistance  to 
oxidation,  in  which  it  resembles  the  benzene  ring.  The  same  reagents  which 
convert  alkylbenzenes  to  benzoic  acids  produce  pyridinecarboxylic  acids  from 
homologues  of  pyridine.  This  similarity  in  behavior  to  the  aromatic  series  caused 
the  postulation  of  a  structural  formula  for  pyridine  analogous  to  that  of  benzene. 
The  Korner -Dewar  formula  for  pyridine  (I) ,  based  mostly  on  intuition,  is  adapted 
from  the  benzene  formula,  with  a  CH -group  replaced  by  a  trivalent  nitrogen. 
The  experimental  evidence  for  this  structure  was  developed  later  (see  p.  197) : 


*  For  dyestuffs  of  the  pyridine  and  quinoline  group,  see  Ficrz-David:  Ktinstliche 
organische  Farbstoffe  (Springer,  Berlin,  1926). 
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H 

/C\ 

IIC  CH 

II  I 

HC  CH 

\c/ 

H 

Benzene 

according  to  Kekule 


(I) 


H  [4] 

/C\ 

8l  [5]  HC  CH  [3]  8 

[6]  IIC  CH  [2]  « 

\n^ 

[i]  - 

Pyridine 

according  to  Korner  (1869)  and  Dewar  (1871) 


While  in  the  Korner-Dewar  pyridine  formula  the  nitrogen  atom  is  bound  to 
two  carbon  atoms,  the  so-called  diagonal  formula  (II),  proposed  by  Riedel  on 
the  basis  of  the  relation  of  pyridine  to  acridine,  shows  the  nitrogen  atom  connected 
to  three  different  carbon  atoms.  To  these  two  structures  a  third  was  added  in 
1891  by  Bamberger  and  von  Pechmann  (Ber.  24,  3151) ;  this  is  the  centric  pyridine 
formula  (III),  which  corresponds  to  the  Claus -Armstrong  formula  for  benzene: 


HD 


CH 


/ 


HC 

II 

HC 


\ 


CH 

II 

CH 


N 

Riedel 


CH 


(HI) 


HC 


\ 


/ 


CH 


HC/XCH 


N 


Bamberger  and  v.  Pechmann 


To  determine  whether  the  N-atom  in  pyridine  was  bound  to  two  or  to  three 
carbon  atoms,  KekuU,  from  1880  to  1890,  undertook  a  series  of  experiments,  whose 
results  he  reported  on  March  11,  1890,  to  a  special  meeting  of  Deutsche  Chem- 
ische  Gesellschaft  called  to  celebrate  the  twenty -fifth  anniversity  of  his  theory 
of  the  structure  of  benzene.  In  1929  KekuU' s  treatise,  “Uber  die  Constitution  des 
Pyridins,”  was  published  for  the  first  time  in  the  biography  “August  Kekul6” 
by  Richard  Anschutz  (Vol.  II,  p.  768). 

In  the  introduction  of  this  important  treatise  KekuU  compared  the  pyridine 
ring  to  the  benzene  ring  thus:  “There  are  apparently  two  types  of  rings.  Pyri¬ 
dine,  like  similar  substances,  is  not  really  a  ring,  but  a  chain  closed  in  a  ring-shape 
by  a  lock.  It  appears  as  a  ring,  if  the  lock  is  treated  as  a  member  of  the  ring, 
but  such  a  ring  is  always  easier  to  open,  and  always  at  the  lock,  than  a  true  ring 
containing  equivalent  members.” 

Proceeding  on  the  assumption  that  the  fumarimide  (IV)  prepared  by  heating 
the  acid  ammonium  salt  of  malic  acid,  which  is  converted  by  hydrolysis  to  inactive 
aspartic  acid,  corresponds  to  formula  II,  KekuU  sought  to  prepare  homofumar- 
imide  (V)  by  heating  the  ammonium  salt  of  /3-hydroxy  glutaric  acid,  but  without 
result. 


(IV) 


CO 


Fumarimide 


CO 


The  desired  homofumarimide 


Therefore  KekuU  approached  the  problem  in  another  way.  In  1884  Alfred 
Behrmann  and  A.  W.  v.  Hofmann  had  prepared  citrazinic  acid  by  the  action  of 
sulfuric  acid  on  citramide;  in  1887  Ruhemann  recommended  a  diagonal  formula 
for  it.  KekuU  treated  the  amide  of  /3-hydroxy  glutaric  acid  with  sulfuric  acid  and 
obtained  a  compound  which  he  first  considered  to  be  2,6-pyridinediol,  since  it  was 
converted  to  pyridine  by  distillation  over  zinc  dust  and  to  pentachloropyridine 
by  phosplioius  pentachloride.  A  more  thorough  investigation  disclosed  that  this 
compound  was  not  2,6-pyridinediol,  but  glutaconimide,  resulting  from  /3-hy- 
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droxyglutaramide  by  elimination  of  water  and  ammonia,  with  intermediate  forma¬ 
tion  of  glutaconamide,  which  gives  the  imide  when  treated  with  sulfuric  acid. 
When  heated  with  hydrochloric  acid  the  imide  yields  ammonium  chloride  and 
glutaconic  acid. 


CONH2 

ch2 

I  -H20 

CIROH  - > 

I 

ch2 

conh2 

/3-Hydroxy- 

glutaramide 


conii2 

I 

CH 

II 

CH 

I 

ch2 

I 

conh2 

Glutacon¬ 

amide 


-NH3 
- > 


Glutacon- 

imide 


COOH 

I 

CH 

HCl  II 

- >  CH  +  NH4CI 

h2o 

CII2 

I 

COOH 

Glutaconic 

acid 


Since  attempts  to  condense  0-aminoglutaric  acid  and  /3-aminoglutaric  acid 
monoethyl  ester  by  heat  or  sulfuric  acid  or  phosphorus  pentachloride  to  cyclic 
derivatives  in  which  the  N-atom  is  bound  to  three  carbon  atoms  failed,  KekvU 
concluded  that  “for  the  present  the  Korner -Dewar  formula  for  pyridine  should  be 
preferred  to  the  diagonal  formula  proposed  by  Riedel  ” 

The  centric  formula  III  ( Bamberger  and  v.  Pechmann )  of  pyridine,  in  which  the 
“ centric  bonds”  are  in  labile  equilibrium,  provides  an  explanation  for  the  many 
conversions  without  displacement  of  the  double  bonds,  and  therefore  differ¬ 
entiates  pyridine  from  other  compounds  such  as  glutaconic  acid  and  glutacon- 
imide  which  are  closely  related  to  it  genetically. 

The  formation  of  pyridine  from  piperidine  (pentamethylenimine)  by  dehydro¬ 
genation  is  significant  in  the  determination  of  its  constitution  (see  p.  200,  No.  5). 
Since  piperidine  is  synthesized  from  trimethylene  cyanide  through  the  hydro¬ 
chloride  of  pentamethylenediamine  (see  p.  220),  it  follows  that  pyridine  also  con¬ 
tains  an  unbroken  chain  of  five  carbon  atoms. 

Another  important  factor  clarifying  the  constitution  of  pyridine  is  the  oxida¬ 
tion  of  quinoline,  whose  constitution  is  certain,  to  pyridinedicarboxylic  acid  (qui¬ 
nolinic  acid,  p.  215),  which  can  be  decarboxylated  to  pyridine. 


Tautomerism  of  the  Pyridine  Ring 

A  remarkable  characteristic  of  the  pyridine  series  is  the  wandering  of  hydrogen 
atoms  in  2-  and  4-substituted  pyridines.  The  reactivity  of  the  hydrogen  atoms 
of  the  alkyl  groups  in  2-  and  4-alkylpyridines  has  been  recognized  for  a  long  time 
(see  p.  204).  More  recent  investigations  have  shown  that  2-  and  4-alkylpyri¬ 
dines  can  react  in  a  tautomeric  form,  such  as  2-methylenedihydropyridine  (II), 
the  so-called  pyridone  methide  ( Tschitschibabin ,  Ber.  61,  547) : 


A 

A=cii2 

NH 

(ID 


This  reactivity  in  two  tautomeric  forms  is  especially  marked  in  the  case  of  2- 
and  4-aminopyridine,  which  sometimes  react  in  the  forms  III  and  IV,  and 
sometimes  as  imines,  formulas  Ilia  and  IVa  ( Tschitschibabin ,  Ber.  57,  1168,  2092; 
58,  1704),  and  also  in  the  case  of  the  2-  and  4-hydroxypyridines  (see  below) : 
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This  tautomerism  does  not  appear  in  the  3-derivatives  of  pyridine.  3-Amino- 
pyridine,  e.g.,  reacts  only  in  the  amine  form;  it  behaves  much  like  aniline. 
{Cf.  the  difference  between  the  m -substituents  and  the  o-  and  p -substituents  in 
the  benzene  series.) 

Methods  of  Synthesizing  Pyridine  Derivatives. — (1)  When  aldehyde 
ammonia  compounds  are  heated  alone  or  with  aldehydes  or  ketones 
alkylpyridines  are  formed ;  homogeneous  pyridine  derivatives  cannot 
be  obtained  by  this  method  [T schitschibabin,  Oparina,  J.Russ.Phys. 
Chem.Soc.  54  (1922),  420,  601]: 

CH3CHOH(NH2)  +  3  CH3CHO  =  C5H3(CH3)(C2H6)N  +  4H20 

2-Methyl-3-ethylpyridine 

(Aldehyde-collidine) 

In  this  reaction  apparently  several  aldehyde  molecules  join  to  form  an  un- 
saturated  aldehyde  with  a  longer  carbon  chain,  which  then  condenses  with  am¬ 
monia  to  form  a  ring.  2,-Picoline  (p.  204)  can  be  prepared  by  heating  glycerol 
with  P205  and  substances  containing  ammonia,  such  as  acetamide  or,  better, 
ammonium  phosphate  ( Schwarz ,  Ber.  24,  1676) ;  homologous  pyridines  and  pyra- 
zines  are  formed  as  by-products. 

(2)  A  very  general  method  for  the  synthesis  of  pyridine  deriva¬ 
tives,  yielding  definite  products,  consists  in  the  condensation  of 
/ 3-oxo  carboxylic  acid  esters  and  (3-diketones  with  aldehydes  and  am¬ 
monia  ( Hantzsch’s  method): 

Example  (a):  Acetoacetic  ester  (2  mols),  acetaldehyde,  and 
NH3  (or  aldehyde-ammonia)  yield  2,4:,Q-trimethyl-l,4:-dihydro- 
dinicotinic  acid  ester  (dihydrocollidinedicarboxylic  acid  ester),  which 
can  be  readily  converted  into  the  corresponding  pyridine  deriva¬ 
tive  by  elimination  of  two  H-atoms  ( Hantzsch ,  Ann.  215,  1;  Ber. 
18,  2579): 

CH3  CIi3 

I  I 

ro2c-ch2  och  ch2-co2r  -3  h2o  ro2c-c—  ch— c-co2r 

I  +  +1  - >  II  II 

ch3-co  nh3  co-ch3  ch3-c— nh— c-ch3 

2, 4, 6-Trimethyl- 1 , 4-dihy  dro- 
dinicotinic  acid  ester 

In  place  of  acetaldehyde,  formaldehyde  or  benzaldehyde  ( Lachwicz ,  Mo.  1?, 
343),  or  chloroacetaldehyde  ( Benary ,  Ber.  51,  567),  can  be  used;  the  second  mol 
of  acetoacetic  ester  can  be  replaced  by  1,3 -dike tones  such  as  acetylacetone  and 
benzoylacetone  {Beyer,  Ber.  24,  1669). 

In  the  above  reactions  the  aldehyde  and  acetoacetic  ester  first  condense  to 
ethylidene-5fs-acetoacetic  ester,  CH3CH(CH(COOR)COCH3)2,  a  1,5-diketone, 
which  is  closed  to  a  pyridine  ring  by  ammonia  in  the  same  way  as  1,4-diketones 
are  closed  to  pyrrole  rings  by  ammonia  (p.  15).  When  primary  and  secondary 
amines  are  used  in  place  of  ammonia,  the  reaction  stops  at  the  formation  of  alkyl- 
idene-6ts-acetoacetic  esters,  so  it  is  used  for  the  preparation  of  the  latter  {cf. 
Knoevenagel,  Ber.  31,  738).  The  reaction  is  clarified  by  the  fact  that  trimethyl- 
dihydrodinicotinic  acid  ester  and  similar  compounds  are  also  obtained  in  good 
yield  by  condensation  of  alkylideneacetoacetic  esters  and  (3-ammo  crotonic  acid 
esters,  the  latter  adding  to  the  unsaturated  bond  of  the  former,  forming  a  ring 
{cf.  Beyer,  Ber.  24,  1667;  Knoevenagel,  Fries,  Ber.  31,  761;  Knoevenagel,  Bruns¬ 
wig,  Ber.  35,  2172;  Benary,  Ber.  44,  489).  Unsymmetrically  substituted  pyri¬ 
dine  derivatives  have  also  been  prepared  by  this  method. 

Example  (b) :  2,4-Dimethylnicotinic  acid  ester  is  formed*  from 
acetoacetic  ester  (1  mol)  and  acetaldehyde  (2  mols)  with  NH3: 
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CH3 

I 

ch3  och  ch2-co2r 

I  +  +1 

HCO  NH3  CO-CH3 


ch3 


-3  h2o 
- > 

—  2H 


2, 


CH=C — C  •  C02R 

I  II 

CH=N — C  •  CH3 
4-Dimethylnicotinic 
acid  ester 


The  mechanism  of  this  reaction  is  similar  to  that  of  example  (a) ;  the  dihydro 
derivative  first  produced  is  probably  oxidized  by  excess  aldehyde  to  the  corre¬ 
sponding  pyridine.  This  reaction  can  be  varied  by  the  use  of  different  aldehydes. 

In  both  these  examples,  dihydropyridine  derivatives  are  the  primary  products. 
This  intermediate  step  is  eliminated  and  the  pyridine  derivatives  are  obtained 
immediately  when  hydroxymethyleneacetoacetic  ester  or  hydroxymethylene- 
ketones  are  condensed  with  /3-amino  crotonic  acid  ester  ( Claisen ,  Ber.  26,  2734), 
or  in  general  when  NII3  acts  on  the  1,5-diketones  which  result  from  the  condensa¬ 
tion  of  ethoxymethyleneacetoacetic  ester  and  similar  compounds  with  /3-oxo 
carboxylic  acid  esters  or  1,3-diketones  (Ger.  Pat.  79863,  1893;  Claisen,  Ann.  297, 
12;  Knoevenagel,  Ber.  36,  2180;  Mumm,  Bohme,  Ber.  54,  726;  Benary,  Psille, 
Ber.  57,  828;  Benary,  Ber.  60,  914;  Spdth,  Barger,  Ber.  48,  265;  Ger.  Pat. 
418218,  1923,  Frdl.  XV,  1487) : 

— CO— C - CO—  — CO— c— c— 

HC<  +  NH3  - >  HOC  >N 

— CO— CH— CO—  —CO— C=C— 

Malonic  ester  and  /3-amino  crotonic  acid  ester  give  2, 4-dihydroxy picolinic  acid 
ester;  malonic  ester  and  acetylacetoneimine  give  hydroxydimethylnicotinic  acid 
ester  ( Knoevenagel ,  Cremer,  Ber.  35,  2390): 

ROCO  H2N-C-CH3  (HO)C=N - c-ch3 

I  +  II  - >  I  II 

ROCO  •  CH2  (CH3)  CO  •  CH  ROCO  •  C=C(CH3) — CH 

The  formation  of  4-hydroxypyridine  derivatives  by  condensation  of  dinitriles 
(Vol.  I)  with  /3-oxo  carboxylic  acid  esters  by  means  of  gaseous  HC1  also  belongs  in 
this  group  of  reactions  (v.  Meyer,  J.pr.  70,  560) : 

ch3-co  H2N-C*CH3  CH3C=N - C-CH3 

I  +  II  - >  I  II 

CH2— COOR  CH-CN  CH=C(OH) — C  •  CN 

( 3 )  1,5-Diketones,  especially  those  in  which  phenyl  radicals  are  attached  to 
the  keto  groups  (1,3-dibenzoylparaffins),  are  converted  to  pyridines  by  treat¬ 
ment  with  hydroxylamine  CKnoevenaqel ,  Ann.  281,  36;  303,  225;  Blaise,  Mon- 
tagne,  C.r.  180,  1760): 


/CH(C6H5)—  CO-C6H5 

CeH5CH<  +  NH2OH  = 

XCH(C6H5)—  CO-C6H5 

Benzamaron 

/C(C6H5)=-C.CoH5 
C8H5-C<  >N  +  3  H20 

^C(C6H5)—  c*c6h5 

Pentaphenylpyridine 

Several  oximes  of  diolefin  monoketones  yield  pyridines  when  dry -distilled  ( Scholtz , 
Ber.  28,  1726;  29,  613;  32,  1935;  Scholtz,  Meyer,  Ber.  43,  1861) : 

CH - CH=CH  _h2o  CPI — CIT=CH 

Cells -CH  HON=C-CH3  >  Cells -C — -N=C*CH3 

Cinnamylideneacetone  oxime  2-Phenyl-6-methylpyridine 

The  same  2-phenyl-6-tolylpyridine  is  obtained  from  CeHeCH :  CH  •  CH :  CH  •  - 
C(NOH)C6H4CH3  and  CH3C6H4CH:CH-CH:CH-C(NOH)C6Hs,  a  proof  of  the 
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identity  of  the  2-  and  the  6 -positions  and  for  the  symmetrical  structure  of  pyridine 
(. Scholtz ,  Wiedemann ,  Ber.  36,  845). 

(4)  When  the  arylamine  derivatives  of  glutaconaldehyde  are  boiled  with 
hydrochloric  acid,  or  when  their  hydrochlorides  are  heated,  1  mol  of  arylamine  is 
eliminated  and  N-arylpyridinium  chlorides  are  formed  (see  p.  201  and  Zincke, 
Ann.  333,  328;  Dieckmann ,  Ber.  38,  1650;  Dieckmann,  Beck ,  Ber.  38,  4122) : 

CH=CH — CH=N  C6H6  •  HC1  _  c6HbNH2  CH=CH— CH 

I  - >  I  II 

CH=CH  •  NHC6HB  CH=CH— N(C6H6)  Cl 

Cf.  the  formation  of  3-chloropyridine  from  a-chloroglutaconaldehyde  and  NH3 
( Dieckmann ,  Ber.  38,  1651;  Baumgarten,  Ber.  58,  2018). 


(5)  Pyridines  are  prepared  by  oxidation  of  the  synthetic  hexa- 
hydropyridines,  piperidines  or  pentamethylenimines  (p.  220)  with 
H2S04  or  silver  acetate  ( Tafel ,  Ber.  25,  1621): 


CH2 — CH2 — CH2Br  _  HBr 
CH2— ch2— nh2 

5-Bromoamylamine 


CH2— ch2— ch2 


CH2 — CH2 — NH 

Piperidine 


CH=CH— CH 

CH=CH — N 

Pyridine 


(i 6 )  Hydroxypyridine  derivatives  (pyridones)  are  obtained  from 
pyrone  derivatives  (p.  177)  with  ammonia,  the  oxygen  atom  in  the 
pyrone  ring  being  replaced  by  the  NH-group.  All  simple  pyrylium 
salts  are  similarly  converted  by  ammonia  to  pyridines  even  without 
heat  ( Dilthey ,  J.pr.  102,  209). 

(7)  2,6-Pyridinediol  derivatives,  which  can  be  considered  as 
imides  of  glutaconic  acid  and  its  homologues,  are  prepared  from  glu- 
taconamic  acid  and  similar  compounds  by  ring-closure.  Citrazinic 
acid  (dihydroxypyridinecarboxylic  acid)  is  formed  from  aconitic  acid 
ester  with  NH3,  and  from  citramide. 


(8)  Derivatives  of  2,6-pyridinediol  can  also  be  synthesized  by  condensation 
of  acetoacetic  esters  and  cyanoacetic  ester  with  ammonia  or  primary  amines,  or 
by  condensation  of  benzaldehyde  (1  mol),  NH3,  and  cyanoacetic  ester  (2  mols) 
( Guareschi ,  C.  1897,  I,  927;  i899,  II,  118;  1905,  II,  681) : 


CIi3  ch3 

I  I 

R-CH— CO  +  NH3  +  H2C-CN  - >  R-CH— C=C-CN 

I  III 

OCOC2II5  C2H5OCO  OC - NH— CO 


2(1) -Pyridones  result  from  similar  condensations  of  1,3 -diketones  and  am¬ 
monia  or  of  /3-aminoketones,  such  as  diacetonamine,  CH3COCH2C(CH3)2NH2, 
or  acetylacetoneimine,  CH3COCH:C(CH3)NH2,  with  cyanoacetic  ester  ( Gua¬ 
reschi ,  C.  1893,  II,  648;  Issoglio,  C.  1905,  II,  336) ;  they  are  also  formed  by  con¬ 
densation  of  (8-aminocrotonic  acid  esters  with  alkylidenemalonic  esters  (cf. 
Knoevenagel,  Fries,  Ber.  31,  761). 

(9)  The  action  of  sodium  alcohol  ate  on  /3-acetamidocarboxylic  acid  esters 
produces  2,6-pyridinediols  (Ger.  Pat.  102894,  1898) : 

CH-COOR  CII3  CII— C(OH)=CH 

II  I  - >  II  I 

CIIjC - NH - CO  CII3C - N=C(OH) 

/3-Acetamidocrotonic  acid  ester  6-Methyl-2,4-pyridinediol 
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(10)  A  synthesis  of  theoretical  interest  is  the  formation  of  3- 
chloro-  or  3-bromopyridine  from  pyrrole  by  heating  with  CHC13  or 
CHBr3  and  NaOC2H5  (p-  30).  With  CH2I2  pyridine  is  obtained, 
and  with  C6H5CHC]2,  3-phenylpyridine  (Ciamician,  Silber,  Ber.  20, 

191). 

(11)  When  the  vapors  of  N-  or  2-alkylpyrroles  are  passed  through 
a  slightly  incandescent  tube,  or  when  the  compounds  themselves  are 
heated  with  hydrochloric  acid,  pyridine  derivatives  are  formed;  1- 
and  2-methylpyrrole  give  pyridine,  and  1-benzylpyrrole  yields  3- 
phenylpyridine  (p.  31  and  Dennstedt,  Zimmermann,  Ber.  19,  2196; 
Pictet,  Ber.  38,  1946).  Small  amounts  of  pyridine  result  from  the 
action  of  acetylene  on  hydrocyanic  acid  at  800-950°  (Meyer,  Tanzen, 
Ber.  46,  3184,  3195;  Meyer,  Wesche,  Ber.  50,  424,  435).  Mixtures  of 
pyridine  bases  are  obtained  from  ammonia  and  acetylene  at  300°  and 
in  the  presence  of  contact  catalysts  (alumina,  ferric  oxide)  [Tschitschi- 
babin,  J.Russ.Phys.Chem.Soc.  47  (1916),  703;  Tschitschibabin,  Opa¬ 
rina,  ibid.  54  (1924),  601]. 

(1 2)  Another  synthesis  of  theoretical  interest  is  the  conversion  of 
benzene  and  its  homologues  into  pyridine  when  a  dilute  benzene  solu¬ 
tion  of  sulfuryl  azide  (Curtius,  Schmidt,  Ber.  55,  1571;  Schmidt,  Ber. 
55,  1581;  58, 2409)  or  carbonyl  azide  (Curtius,  Bertho,  Sitz.-ber.Heidel- 
berg.  Akad.Wiss.  1924,  3;  1925,  3)  is  heated  to  140°. 

Behavior. — The  pyridine  bases  are  colorless  liquids  with  a  charac¬ 
teristic  odor.  Pyridine  is  miscible  with  water;  the  solubility  of  the 
homologues  decreases  rapidly  and  is  usually  greater  in  cold  than  in 
warm  water. 

1 .  Salts.  The  platinum  double  salt  of  the  formula  (C5H5N  •  HC1)2- 
PtCl4  loses  2  HC1  when  boiled  for  a  long  time  with  hydrochloric  acid, 
forming  (C5H5N)2PtCl4  (cf.  pyrazoles,  p.  92).  The  pyridines  form 
addition  compounds  with  many  inorganic  salts;  those  with  CdCl2, 
HgCl2,  and  AuC13  are  characteristic  and  serve  for  the  separation  of  a 
mixture  of  bases  [Ladenburg,  Ann.  247,  1;  cf.  Varet,  C.r.  124,  1155; 
Pincussohn,  Z.anorg.Chem.  14  (1897),  379]. 

2.  Pyridines  combine  with  alkyl  iodides  to  form  alkylpyridinium 
iodides.  The  reaction  is  often  violent.  The  pyridines  also  add 
chloroacetic  acid  and  its  homologues  to  give  pyridinebetaines  (Kirpal, 
Mo.  31,  969).  They  also  combine  with  dimethyl  sulfate,  acid  chlo¬ 
rides,  cyanogen  bromide,  2,4-dinitrochlorobenzene,  and  similar  com¬ 
pounds.  Substituents  in  the  2,6-position  sometimes  slow  down  the 
formation  of  pyridinium  salts,  sometimes  prevent  it  altogether  (cf. 
Meyer,  Mo.  25,  1196). 

When  the  alkylpyridinium  iodides  are  treated  with  aqueous  sodium  hydroxide, 
the  strongR  basic  pyridinium  hydroxides  first  formed  rearrange  to  the  isomeric 
2-hydroxydihydropyridines,  which  are  rather  unstable;  the  latter  can  be  oxidized 
by  potassium  ferricyanide  to  l-alkyl-2-pyridones  ( Decker ,  Kaufmann,  J.pr.  84, 
219) : 

HC=CH — CH  HC=CH — CH(OH)  HC=CII — CO 

I  II  - >  I  I  - *  I  I 

HC=CH — NR(OH)  HC=CH— NR  HC=CH— NR 

The  dinitrophenylpyridinium  chloride  obtained  from  pyridine  and  2,4-dinitro¬ 
chlorobenzene  is  converted  by  treatment  with  alkali  or  various  primary  and 
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secondary  amines  to  highly  colored  derivatives  of  glutaconaldehyde  or  its  tauto¬ 
meric  form  ( Zincke ,  Ann.  330,  361;  Zincke,  Wiirker,  Ann.  341,  365;  Zincke, 
Weispfenning,  J.pr.  82,  1): 


CH:CH-CH:NC6H5 

I 

CH :  CH  •  NHC6H5  •  HC1 


CeHsNHz 
< - 


CH :  CH  •  CH 

I  II 

CH :  CH  •  N 


Cl 

C6H3(N02)2 


NaOH 
- > 


CH :  CH  •  CHO 
CH:CH-NHC6H3(N02)2 


The  addition  products  of  pyridine  with  cyanogen  bromide,  diphenyloxalimide 
chloride,  PC15  ( Konig ,  J.pr.  69,  105;  70,  19;  Konig,  Bayer,  J.pr.  83,  325; 
Reitzenstein,  Breuning,  J.pr.  83,  97)  and  chlorosulfonic  acid  esters  ( Baum - 
garten,  Ber.  57,  1622)  behave  similarly.  Cf.  the  synthesis  of  pyridine  from 
derivatives  of  glutaconaldehyde  (p.  200)  which  is  the  reverse  of  this  decomposition. 

Another  conversion  of  the  pyridine  ring  to  glutaconaldehyde,  developed  by 
Bucherer  ( Bucherer ,  Bchenkel,  Ber.  41,  1346;  Schenkel,  Ber.  43,  2597;  Reitzen¬ 
stein,  Breuning,  Ber.  43,  2939),  occurs  when  the  addition  product  of  pyridine  and 
3  mols  of  sodium  bisulfite,  C5H8N(0 -S02Na)3  +  2  H20,  is  treated  with  aqueous 
sodium  hydroxide. 

For  the  products  resulting  from  the  action  of  alkali  on  the  alkyl  iodide  addition 
products  of  2-  and  4-alkylpyridines,  the  pyridoneimides,  see  p.  197. 

3.  When  alkylpyridinium  iodides  are  heated  to  300°  the  alkyl 
groups  shift  from  the  nitrogen  atom  to  the  2-  or  4-carbon  at  m,  pro¬ 
ducing  alkylpyridines  ( Ladenburg ,  Ber.  17,  772);  this  is  analogous  to 
the  formation  of  homologous  anilines  from  N-alkylanilines  (Vcl.  Ill, 
p.  78). 

4-  Methyl  groups  in  the  2-position  and,  to  a  lesser  extent,  those 
in  the  4-position  undergo  aldol  condensations  with  aldehydes  such  as 
formaldehyde,  chloral,  and  benzaldehyde ;  the  alkines  which  are  so 
formed  often  split  off  water,  giving  stilbazoles  (Bach,  Ber.  34,  2223). 
Phthalic  anhydride  and  imide  react  like  the  aldehydes  ( Scholze ,  Ber. 
38,  2806).  2-Picoline  does  not  react  with  nitrosodimethylaniline, 
but  does  with  its  methyl  iodide  ( Kaufmann ,  Vallette,  Ber.  45,  1737, 
1742;  Fuchs,  Grauaug,  Ber.  61,  57).  Methyl  groups  in  the  3-position 
do  not  condense  in  this  manner. 

5.  Oxidizing  agents  such  as  nitric  acid  and  chromic  acid  do  not, 
as  a  rule,  attack  pyridines.  Alkylated  and  arylated  pyridines  are 
oxidized  by  KMn04  to  pyridinecarboxylic  acids  or  to  open-chain 
compounds  ( Delepine ,  C.r.  184,  206;  T schitschibabin,  Ber.  37,  1373). 

6.  Reducing  agents  such  as  sodium  and  alcohol  or  catalytic  hydro¬ 
genation  convert  the  pyridine  bases  to  hexahydropyridines  or  piperi¬ 
dines,  which  can  be  split  by  various  means  to  aliphatic  compounds 
(cf.  p.  221).  When  heated  with  hydriodic  acid  the  pyridines  are  re¬ 
duced  to  paraffins,  pyridine  giving  pentane. 

7.  Halogeno,  nitro,  and  sulfonic  acid  derivatives  are  prepared  with 
far  more  difficulty  from  the  pyridines  than  from  the  benzenes. 

8.  The  amino  group  is  introduced  directly  into  pyridine  by  the 
action  of  sodium  amide.  For  details,  see  the  section  on  aminopyri- 
dines  (pp.  207  ff.). 

Isomers. — The  positions  of  substituents  in  the  pyridine  ring  are  indicated  by 
these  symbols: 
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CH  [4]  y 


/?!  15]  CH  CH  [3]  0 
«i  [6]  CH  CH  12]  a 

V" 

N  U] 

There  are  three  possible  monosubstituted  products  and  six  possible  disubstituted 
products,  all  of  which  have  been  prepared  in  many  cases.  The  position  of  alkyl 
groups  in  pyridines  is  determined  by  conversion  into  the  corresponding  pyridine- 
carboxylic  acids,  which  have  characteristic  melting  points,  copper  salts  and 
esters.  The  pyridiriecarboxylie  acids  are  the  keystones  in  the  clarification  of  the 
constitution  of  pyridine  derivatives,  and  the  determination  of  their  constitution  is 
therefore  especially  important  (p.  213). 

PYRIDINE,  C5H5N,  m.p.  -42°,  b.p.  115.3°,  df  0.9776  {Heap, 
Jones,  Speakman,  Am.  43,  1936),  is  obtained  from  bone  oil  and  coal 
tar,  and  is  formed  from  all  pyridinecarboxylic  acids  by  distillation 
with  lime.  For  several  methods  of  preparing  pyridine,  see  p.  201, 
Nos.  10,11,12.  It  is  a  very  weak  base  and  does  not  color  litmus.  Its 
deliquescent  hydrochloride  C5H5N  •  HC1  forms  with  PtCl4  a  sparingly 
soluble  platinum  double  salt,  PtCl^CstRN-PICl^,  m.p.  264°. 
Hydrobromide,  m.p.  206°  ( Ruggli ,  Bolliger,  Helv.  4,  633).  The  per¬ 
chlorate  is  suitable  for  the  separation  of  pure  pyridine  from  mixtures 
with  other  pyridine  bases  (Ger.  Pat.  451956,  1925,  Frdl.  XVI,  530) 
and  for  the  microchemical  determination  ( Cordier ,  Mo.  43, 525) .  Pyri¬ 
dine  mercuric  chloride,  C5H5N -HCl  ^HgCb,  m.p.  178°;  zinc  chloride 
double  salt,  2 C5H5N •  ZnCl2,  sparingly  soluble  in  alcohol;  picrate, 
m.p.  164°;  methyl  iodide  addition  product,  m.p.  117°.  For  the  numer¬ 
ous  complex  compounds  with  pyridine,  see  P.  Pfeiffer,  Organische 
Molekulverbindungen,  Stuttgart,  1927. 

Industrially,  a  mixture  of  pyridine  bases  is  used  for  the  denaturing 
of  alcohol  [Chem.Z.  37  (1913),  1035].  In  the  laboratory  it  is  an 
indispensable  solvent.  Absolute  pyridine  (prepared  with  BaO)  is 
used  as  the  solvent  in  the  determination  of  active  hydrogen  atoms  by 
the  method  of  Zerewitinoff  (see  Vol.  I,  p.  11),  in  the  introduction  of 
benzoyl  groups  into  organic  compounds  by  means  of  benzoyl  chloride 
and  in  the  ebullioscopic  determination  of  molecular  weights  (K  = 
29.5  for  100  g.  solvent). 

Phosgene  unites  with  2  molar  proportions  of  pyridine  to  give  pyridinecarbonyl 
chloride,  [C5H5N(C1) ]2CO  (Ger.  Pat.  109933,  1898).  The  addition  products  of 
pyridine  with  acid  chlorides  have  been  extensively  investigated  (for  the  addition 
products  with  acetyl  chloride  and  oxalyl  chloride  see  Freudenberg ,  Peters,  Ber. 
52,  1463)..  The  product  from  pyridine  and  benzoyl  chloride  has  practical 
significance  since  it  makes  possible  the  introduction  of  the  benzoyl  group  into 
alcohols,  phenols,  amines,  /3-diketones,  and  /3-oxo  carboxylic  acids  under  mild 
conditions.  The  action  of  S02C12  on  pyridine  is  similar  ( Baumgarten ,  Ber.  60, 
1174);  the  addition  product  first  formed  yields  N-pyridiniumsulfonic  acid, 
/SO,  /CH2— CO 

C5H5N<Q^  .  Pyridinebetaine,  C5H5N<(^  |  ,  m.p.  150°  (dec.),  is 

formed  from  pyridine  and  chloroacetic  acid  ( Kruger ,  Ber.  23,  2609).  For  the 
addition  products  of  pyridine  with  dinitrochlorobenzene,  cyanogen  bromide, 
and  the  like,  and  their  decomposition  into  glutaconaldehyde  derivatives,  see  p. 
202.  The  red  coloration  produced  when  chloroformic  acid  ester  is  added  to 
pyridine  can  be  used  to  detect  small  quantities  of  pyridine  ( Hopkins ,  J.  117, 
278).  For  the  addition  product  of  sodium  bisulfite  to  pyridine,  see  p.  202. 
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Bromine  adds  to  pyridine  hydrochloride  to  give  a  perbromide,  which  is  useful 
in  the  bromination  of  organic  compounds  ( Rosenmund ,  Kuhnhenn,  Ber.  56,  1262; 
Rosenmund,  Kuhnhenn,  Lesch,  Ber.  56,  2042). 

Pyridine  is  readily  converted  by  perbenzoic  acid  to  pyridine  N -oxide,  m.p.  68°. 
Hydrochloride,  m.p.  180°;  picrate,  m.p.  179°  (M eisenheimer ,  Ber.  59,  1848). 

Pyridine  is  reduced  by  sodium  and  alcohol  to  piperidine.  Piperidine  hydro¬ 
chloride  is  obtained  by  catalytic  reduction  of  pyridine  hydrochloride  with  a  plati¬ 
num  oxide  catalyst  ( Hamilton ,  Adam.s,  Am.  50,  2260). 

With  finely  divided  Na  or  K  absolute  pyridine  forms  an  addition  compound 
which  contains  2  mols  of  base  to  1  mol  of  alkali  metal  ( Emmert ,  Ber.  47,  2600; 
49,  1061) ;  these  compounds  are  converted  by  water  to  tetrahydro-2,2'-  or  4,4'- 
bipyridine  (see  below,  and  Emmert,  Ber.  50,  31). 

Derivatives  of  4,4 '-bipyridine  are  also  produced  by  the  reduction  of  pyridine 
with  zinc  dust  and  acetic  anhydride  ( Dimroth ,  Heene,  Ber.  54,  2934) .  The  citron 
yellow  1,1  '-diacetyl-1,1  ',4, 4 '-tetrahydro-4, 4 '-bipyridine,  m.p.  125°  (I),  is 
prepared  in  this  way. 

(I)  R  =  CO-CH3 
(II)  R  =  H 
(III)  R  =  Alkyl 

A  similar  product  is  formed  when  the  pyridine-Na  compound  described  above 
is  treated  with  water  (II).  1,1 '-Dialkyltetrahydro-4,4'-bipyridines  (III)  are 

obtained  by  reduction  of  alkylpyridinium  compounds  with  sodium  amalgam 
{Emmert,  Ber.  52,  1351)  or  by  electrolysis  {Emmert,  Ber.  42,  1997). 

The  tetrahydro-4, 4 '-bipyridines  dissociate  into  free  radicals  when  warmed 
{Emmert,  53,  370;  Dimroth,  Heene,  Ber.  54,  2934).  The  constitution  of  these 
radicals  is  not  certain ;  they  could  be  carbon  radicals  (formulas  a  and  b)  or  deriva¬ 
tives  of  tetravalent,  nitrogen  (c)  {Weitz,  Nelken,  Ann.  425,  187) : 


(a)  (b)  ...  (c) 


N-Benzoylpyridinium,  m.p.  229°,  dark  brown,  metallic  platelets  {Weitz, 
Roth,  Nelken,  Ann.  425,  161);  N-benzylpyridinium,  brown-red,  almost  black 
crystals  which  give  a  very  blue  solution  in  alcohol  {Weitz,  Nelken,  Ami.  425,  187). 

1.  HOMOLOGOUS  PYRIDINES.  Methylpyridines,  picolines  (from  pix  = 
tar,  since  they  were  obtained  from  bone  tar):  2-picoline,  b.p.  130°,  d25  0.940 
gives  picolinic  acid  on  oxidation;  3-picoline,  b.p.,  143°,  d25  0.9515,  HgCl2- 
salt:  m.p.  145°,  is  produced  by  distillation  of  strychnine  (see  alkaloids)  {Laden- 
burq,  Ber.  23,  3555),  by  heating  glycerol  with  ammonium  phosphate  (p.  198), 
and  by  heating  trimethylenediamine  hydrochloride  {Ladenburg,  Sieber,  Ber.  23, 
2730) ;  it  oxidizes  to  nicotinic  acid.  For  the  recovery  of  2-  and  3-picoline  from 
coal  tar  see  Heap,  Jones,  Speakman,  Am.  43,  1936.  4-Picoline,  b.p.  144°,  d15 
0.957  {M eisenheimer,  Ann.  420,  197),  is  formed  together  with  2-methylpyridine 
in  small  amounts  when  pyridine  methyl  iodide  (p.  203)  is  heated;  it  gives  iso- 
nicotinic  acid  on  oxidation. 

Dimethylpyridines,  lutidines  (so  named  because  of  their  isomerism  with 
toluidines) :  2,6-lutidine,  b.p.  142°,  d  0.942;  2,4-lutidine,  b.p.  157°,  d  0.949; 
and  3,4-iutidine,  b.p.  164°,  are  found  in  bone  oil  {Mohler,  Ber.  21,  1006;  Ahrens, 
Ber.  29,  2996) ;  the  latter  also  occurs  in  Scottish  shale  oil  [Garrett,  Smythe,  Proc. 
Chem.Soc.  19  (1903),  164].  3,5-Lutidine,  b.p.  170°,  is  prepared  from  its  car¬ 
boxylic  acid  {Diirkopf,  Gottsch,  Ber.  23,  1113)  and  occurs  in  coal  tar,  together  with 
2,5-lutidine,  b.p.  160°  {Ahrens,  Gorkoiv,  Ber.  37,  2062). 

2-Ethylpyridine,  b.p.  148°,  d  0.949,  and  4-ethylpyridine,  b.p.  165°,  d  0.952, 
are  prepared  by  heating  the  ethyl  iodide  addition  product  of  pyridine;  the 
former  is  also  formed  by  reduction  of  2-pyridineethanol  (p.  212).  3-Ethyl- 
pyridine,  b.p.  166°,  is  formed  together  with  4-ethylpyridine  by  distillation  of 
cinchonine  or  brucine  (see  alkaloids)  with  KOH  or  from  5-ethylpicolinic  acid 
{Koenigs,  Hoffmann,  Ber.  58,  194). 

2,4,6-Trimethylpyridine,  s-collidine,  b.p.  172°,  is  prepared  from  the  synthetic 
dihydrocollidinedicarboxylic  acid  ester  (p.  198)  by  oxidation,  saponification  and 
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decarboxjdation ;  it  is  found  in  Scottish  shale  oil  [Garrett,  Smythe,  Proc  .Chem  .Soc . 
19  (1903),  164]  and  in  coal  tar  ( Eckert ,  Loria,  Mo.  38,  225).  2,4,5-Collidine, 
b.p.  165  to  168°,  from  coal  tar  ( Ahrens ,  Ber.  29,  2998).  2, 3, 4-Collidine,  b.p. 
185  to  188°  ( Eckert ,  Loria,  Mo.  38,  243),  oxidizes  to  carbocinchomeronic  acid. 
2,3,6-Trimethylpyridine,  b.p.  174°  (734  mm.),  from  coal  tar  ( Eckert ,  Loria,  Mo. 
38,  225).  5-Ethyl-2-methylpyridine,  aldehy decollidine,  b.p.  178°,  is  obtained 
from  several  aldehyde  compounds  (p.  198).  6-Ethyl-2-methylpyridine,  b.p. 
160°,  from  2-methylpyridine-6-ethanol  by  reduction  ( Lojjler ,  Thiel,  Ber.  42, 
137).  3-Ethyl-4-methylpyridine,  (3- collidine ,  b.p.  190  to  200°,  from  cinchonine 
by  distillation  with  KOH,  together  with  3-etliylpyridine  ( Koenigs ,  Ber.  35,  1351) . 
Synthesis:  Ruzicka,  Fornaser,  Helv.  2,  338. 

2-Propylpyridine,  conyrine,  b.p.  167°,  is  obtained  from  coniine  (see  alkaloids) 
by  distillation  with  zinc  dust.  2-Isopropylpyridine,  b.p.  158°,  is  produced  to¬ 
gether  with  the  4-isomer  (b.p.  178°)  when  the  propyl  or  isopropyl  iodide  addition 
product  of  pyridine  is  heated;  it  is  also  prepared  by  reduction  of  2-(/3,/3'-di- 
hydroxyisopropyl) pyridine  (p.  212).  4-i-Butylpyridme,  C5HiN •C(CH3)3,  b.p. 
196-197°,  is  obtained  similarly  from  4-(i3,/3/,i3"-trihydroxy-^-butyl)pyridine 
(p.212L 

Parvoline,  2,3,4,5-tetramethylpyridine,  b.p.  227-230°,  from  cqpl  tar  ( Ahrens , 
Ber.  28,796). 

2-  and  4-Benzylpyridine,  b.p.  276°  and  287°,  from  1-benzylpyridinium  chloride 
or  iodide  at  270°,  together  with  a  small  amount  of  3-benzylpyridine,  m.p.  34°, 
b.p.  287°,  which  is  more  advantageously  prepared  from  3-benzoylpyridine  (p. 
213)  by  reduction  with  hydriodic  acid  and  phosphorus  ( Tschitschibabin ,  Ber.  36, 
2711).  l-Methyl-2-  and  4-benzylpyridinium  iodides  are  converted  by  aqueous 
sodium  hydroxide,  not  to  dihydropyridols  (p.  201),  but  by  elimination  of  H20  to 
2-  and  4-benzylidene-l-methyldihydropyridine,  (C6H5CH:  )C5H4NCH3,  which 
regenerate  the  pyridinium  salts  when  treated  with  acids  ( Decker ,  Wislocki,  Ber. 
38,  2496).  See  also  the  section  on  pyridone  methides,  p.  210. 

3,5-Dibenzylpyridine,  m.p.  89°,  is  formed  by  condensation  of  benzaldehyde 
with  benzojdpiperidine  (p.  222)  {Riigheimer ,  Ann.  280,  36). 

2-Phenylpyridine,  b.p.  269°,  is  prepared  from  its  carboxylic  acid,  a  decomposi¬ 
tion  product  of  benzo[/i] quinoline,  by  decarboxylation  (c/.  p.  247)  and  from  6- 
phenyl-2(l) -pyridone  (p.  209)  by  distillation  with  zinc  dust  ( Leben ,  Ber.  29, 
1678).  3-Phenylpyridine,  b.p.  270°,  is  obtained  by  decarboxylation  of  its  car¬ 
boxylic  acid,  a  decomposition  product  of  benzo[/]  quinoline,  by  distillation  of  1- 
benzylpyrrole  through  a  slightly  incandescent  tube  and  by  treatment  of  pyrrole 
with  benzal  chloride  and  sodium  ethylate  (p.  30).  p-Nitrophenylpyridine,  m.p. 
117°,  from  nitroisodiazobenzene  and  pyridine,  reduces  to  p-aminophenylpyridine, 
m.p.  102°,  which  yields  2-phenylpyridine  when  deaminated  ( Kuhling ,  Ber.  29, 
167).  4-Phenylpyridine,  m.p.  77°,  b.p.  274°,  by  oxidation  of  the  condensation 
product  of  acetoacetic  ester  with  benzaldehyde  and  ammonia  (c/.  p.  198).  A 
mixture  of  2-  and  4-phenylpyridine  results  from  the  action  of  benzenediazonium 
salts  on  pyridine  (c/.  Tschitschibabin,  Ber.  37,  1370). 

6 -Phenyl -2-picoline,  b.p.  281°,  from  cinnamylideneacetone  oxime  (p.  199  and 
Scholtz,  Ber.  28,  1727).  2,6-Diphenylpyridine,  m.p.  82°,  is  obtained:  (1)  by 
distillation  of  the  oxime  of  cinnamylideneacetophenone  (c/.  method  3,  p.  199); 
(2)  from  2,6-diphenyl-4-pyridinecarboxylic  acid,  prepared  by  heating  diphen- 
acylmalonic  acid  with  ammonia;  and  ( 3 )  by  oxidation  of  2-phenyl-5,6-benzo- 
cinchoninic  acid  ( Paal ,  Ber.  29,  798;  Paal,  Demeler,  Ber.  30,  1499).  2,4,6- 

Triphenylpyridine,  m.p.  137°;  2, 3, 5, 6-  and  2,3,4,6-tetraphenylpyridine,  m.p. 

179°  and  233°,  and  pentaphenylpyridine,  m.p.  240°,  are  produced  by  the  action 
of  hydroxylamine  on  benzaldiacetophenone,  1,3-dibenzoyldiphenylpropane,  de- 
soxybenzoinbenzylideneacetophenone  and  benzamaron  (c/.  p.  199,  method  3, 
and  Wislicenus,  Ann.  302,  233,  240;  Knoevenagel,  Ann.  303,  225).  For  the 
preparation  (from  the  corresponding  pyrylium  compounds  with  NH3)  and  prop¬ 
erties  of  a  large  number  of  aryl -substituted  pyridines,  see  Dilthey,  J.pr.  102, 
209-240. 

2, 2' -Bipyridine,  m.p.  69°  (picrate,  m.p.  158°),  is  formed  when  dried  pyridine 
is  heated  with  sublimed  ferric  chloride  to  300°  {Hein,  Retter,  Ber.  61,  1790); 
it  is  also  produced  by  distillation  of  copper  picolinate  {Blau,  Mo.  10,  375)  and 
pyrogenically  from  pyridine  {Meyer,  Hofmann-Meyer,  J.pr.  102,  287)  and  2- 
bromopyridine  {Wibaut,  Overhoff,  Rec.  47,  761);  it  forms  a  characteristic  deep 
red  ferrous  complex  salt.  3,3 '-Bipyridine,  m.p.  68°,  b.p.  287°,  from  its  dicar- 
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boxylic  acid,  an  oxidation  product  of  phenanthroline  (p.  265).  4,4 '-Bipyridine, 
m.p.  112°  (dried  over  H2S04),  b.p.  305°,  is  prepared  together  with  an  oily  poly¬ 
mer  of  pyridine,  (C5HftN)a;,  by  the  action  of  sodium  on  pyridine  ( Ahrens ,  Ber. 
24,  1478;  Emmert,  Ber.  50,34).  A  tetramethylbipyridine,  [C5H2(CH3)2N]2, 
m.p.  149°,  is  obtained  when  2,6-lutidine  is  heated;  it  oxidizes  to  a  bipyridine- 
tetracarboxylic  acid,  which  gives  4,4 '-bipyridine  when  decarboxylated  ( Huth , 
Ber.  32,  2209).  For  derivatives  of  tetrahydro-4, 4 '-bipyridine,  see  pp.  204,  218. 

For  pyridylpyrrole  see  p.  31  and  Wibaut,  Ilec.  45,  657. 

Vinylpyridine,  b.p.  160°,  is  prepared  from  pyridineethanol  (p.  212)  by  elimi¬ 
nation  of  water,  from  /3-bromo-2-pyridinepropionic  acid  by  elimination  of  C02 
and  HBr  and  from  pyridine  vapors  and  ethylene  by  passage  through  an  incandes¬ 
cent  tube  ( Ladenburg ,  Ber.  20,  1644;  Einhorn,  Ann.  265,  229). 

2-Propenylpyridine,  (C5H4N)CH : CHCH3,  b.p.  290°,  can  be  prepared  by  the 
reaction  of  2-picoline  with  paraldehyde  at  260°  ( Ladenburg ,  Ann.  247,  26); 
sodium  and  alcohol  reduce  it  to  propylpiperidine  or  inactive  coniine  (p.  332). 
4-Propenylpyridine,  b.p.  201  °,  from  4-picoline  and  paraldehyde  ( Ahrens ,  Ber.  38, 
157).  2-Styrylpyridine ,  slilbazole,  CsfCHiCHCeH^RjN,  m.p.  61°,  b.p.  325° 
by  heating  2-picoline  with  benzaldehyde  and  ZnCl2.  Benzaldehyde  and  its 
substitution  products  react  similarly  with  other  2-methylated  pyridines,  such  as 
6-phenyl-2-picoline  and  2,4-lutidine;  2,6-lutidine  gives  2,6-distyrylpyridine, 
ArCII : CH(C5H3N)CH : CHAr  ( Dehnel ,  Ber.  33,  3494;  Feist,  Ber.  34,  464; 
Bcicke,  Ber.  34,  1893;  Dierig,  Ber.  35,  2774;  Knick,  Ber.  35,  2790;  Shaw,  J. 
125,  2363).  4-Styryl pyridine,  m.p.  217°,  from  4-picoline  ( Friedlander ,  Ber.  38, 
2837), 

2.  HALOGEN  DERIVATIVES  OF  PYRIDINE.  Pyridines 
containing  halogen  in  the  nucleus  are  obtained  with  difficulty  by 
the  direct  action  of  halogens  on  pyridines;  in  the  homologous 
pyridines  bromine  especially  replaces  the  hydrogen  atoms  in  the 
side-chain  (cf.  Knudsen,  Ber.  25,  2985;  28,  1759).  The  substitution 
of  the  pyridine  hydrogen  atoms  is  more  readily  accomplished  by 
heating  pyridine  or  hydroxypyridines  with  PC15  or  SbCl6. 

When  pyridine  is  heated  with  PC15  at  210-220°  these  products  are  obtained: 
2,6-dichloropyridine,  m.p.  88°,  which  is  also  prepared  by  decarboxylation  of 
dichloroisonicotinic  acid,  three  trichloropyridines,  m.p.  50°,  68°,  and  72°,  2, 3,5,6- 
2, 3, 4, 5-,  and  2,3,4,6-tetrachloropyridine,  m.p.  91°,  22°,  and  75°,  and,  as  the 
principal  product,  pentachloropyridine,  C5C15N,  m.p.  125°,  which  is  also  formed 
from  pyridinediol  or  glutaconimide  with  PC15  (cf.  p.  196)  and,  together  with 
lower  chlorination  products,  by  prolonged  treatment  of  pyridine  hydrochloride 
with  chlorine. 

2-Chloropyridine,  b.p.  166°,  is  prepared  by  the  action  of  PCh  on  2-pyridol 
or,  more  advantageously,  on  N-alkylpyridones  (p.  209).  With  PBr5  +  POBr3, 
the  N-alkylpyridones  give  2-bromopyridine,  b.p.  193°.  When  2-chloropyridine 
is  treated  with  methyl  iodide,  1  -methyl -2-iodopyridinium  iodide,  C5H4IN(CH3)I; 
is  formed  (Fischer,  Ber.  32,  1297).  3-Chloro-  and  3-bromopyridine,  b.p.  148° 
and  170°,  are  obtained  from  potassium  pyrrole  with  CHC13  and  CHBr3  (p.  30); 
3-chloropyridine  is  also  prepared  from  a-chloroglutaconaldehyde  and  NH3 
(Dieckmann,  Ber.  38,  1651) .  2-Phenyl-6-chloropyridine,  m.p.  34°,  from  phenyl - 
pyridine  (Lebcn,  Ber.  29,  1679).  4-Chlorolutidine,  b.p.  176°  to  178°,  from 
lutidone  (Michaelis,  Holken,  Ann.  331,  254). 

3.  PYRIDINESULFONIC  ACIDS.  3-Pyridinesulfonic  acid,  CBH,(S03H)N, 
is  obtained  from  pyridine  with  fuming  sulfuric  acid.  Its  sodium  salt  gives  3- 
cyanopyridine,  the  nitrile  of  nicotinic  acid,  when  distilled  with  KCN,  and  3- 
pyridol  when  fused  with  KOH.  2-Pyridinesulfonic  acid,  m.p.  240°,  4-pyridine- 
sulfonic  acid,  m.p.  135°,  and  4-lutidinesulfonic  acid  are  produced  by  oxidation  of 
the  corresponding  mercaptans  (p.  211)  (Marckwald,  Klemm,  Trabert,  Ber.  33, 
1556;  Koenig,  Kinne,  Ber.  54,  1357).  When  piperidine  is  heated  with  sulfuric 
acid  both  pyridine  and  pyridinesulfonic  acids  are  formed. 

4.  PYRiDINEARSINIC  ACIDS.  3-Pyridinearsinic  acid,  C5H4N-AsO- 
(OII)2,  m.p.  112°,  from  2-chloro-3-aminopyridine  by  replacement  of  the  amino 
group  and  subsequent  removal  of  the  chlorine  (Binz,  Rath,  Gante,  Ann.  46 7,  11). 
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5.  NITROPYRIDINES.  The  nitration  of  the  pyridine  nucleus  is  apparently 
possible  only  when  NH2,  OH,  or  similar  groups  are  present;  these  are  the  same 
groups  which  facilitate  the  nitration  of  benzene. 

Nitration  of  3-pyridol  (p.  209)  gives  two  nitropyridols,  m.p.  211°  and  295- 
298°  (dec.),  and  dinitropyridol,  m.p.  133°  (Weidel,  Murmann,  Mo.  16,  749). 
For  nitroaminonicotinic  acids,  see  nicotinic  acid. 

6.  AMINO-  and  HYDRAZINOPYRIDINES  can  be  prepared  from  2-  and 
4-  (but  not  3-)  halogenopyridines  by  treatment  with  NH3  or  N2H4.  Aminopyri- 
dines  are  also  obtained  from  pyridinecarboxylic  acids:  (1)  by  the  action  of  KOBr 
on  their  amides  ( Hofmann  reaction)  [Camps,  Arch.Pharm.  240  (1902),  345],  or 
(2)  by  conversion  of  the  acid  azides  to  pyridylurethans  with  alcohol  and  de¬ 
composition  of  the  latter  ( Curtins  reaction). 

The  most  convenient  method  of  preparing  2-aminopyridine  and  its  homologues 
was  introduced  by  T schitsckibabin;  it  consists  in  the  reaction  of  sodium  amide 
with  pyridine  in  boiling  toluene  [Tschitschibabin,  Seide,  J.Russ.Phys.Chem.Soc. 
46  (1915),  1216;  Wibaut,  Dingemanse,  Rec.  42,  240;  Ger.  Pat.  358397,  1920, 
Frdl.  XIV,  529;  Ger.  Pat.  362446,  1920,  Frdl.  XIV,  530;  Ger.  Pat.  374291, 
1914,  Frdl.  XIV,  527] : 
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Some  diaminopyridine  is  also  formed. 

The  3-aminopyridines  resemble  the  anilines  most  closely,  since  they  form  diazo- 
and  diazoamino  compounds  and  azo  dyes  [cf.  the  reactions  of  diazotized  3-amino- 
pyridine:  Tschitschibabin,  Rjasanzew,  J.Russ.Phys.Chem.Soc.  47  (1916),  1571; 
Tschitschibabin,  ibid.  50  (1919),  502,  512;  Tschitschibabin,  Schemjakina,  ibid. 
53  (1922),  217] .  When  treated  with  alkylating  agents  or  with  chloroacetic  acid 
( Tschitschibabin ,  Konowalowa,  Konowalowa,  Ber.  54,  814),  2-aminopyridine 
often  reacts  in  the  tautomeric  form  as  2-pyridoneimine: 

A| 

xJ=NH 

H 

(see  the  section  on  the  tautomerism  of  the  pyridine  nucleus,  p.  197). 

2- Aminopyridine,  m.p.  57°,  b.p.  204°,  is  formed  from  2-chloropyridine  with 
zinc  chloride-ammonia  at  220°  ( Fargher ,  Furness,  J.  107,  688),  from  2-  or  6- 
aminonicotinic  acid  by  decarboxylation  and  from  picolinamide;  it  is  prepared 
in  very  good  yield  from  pyridine  and  sodium  amide  (see  above) .  2-Methyl- 
aminopyridine,  b.p.  200°  (picrate,  m.p.  190°),  from  the  sodium  derivative  of 
2-aminop3U’idine  with  methyl  iodide  ( Tschitschibabin ,  Konowaloioa,  Konowalowa, 
Ber.  54,  814).  2-Dimethylaminopyridine,  liquid  (picrate,  m.p.  182°)  (Tschit¬ 
schibabin,  Konowalowa,  Ber.  59,2055).  For  1-methylpyridoneimine,  see  p.  209. 

2- Anilinopyridine,  m.p.  108°,  from  chloropyridine  and  aniline  zinc  chloride 

(Fischer,  Ber.  35,  3674).  2-Amino-3-methylpyridine,  2-amino-3-picoline,  m.p. 
26°,  from  3-picoline  with  sodium  amide  (Seide,  Ber.  57,  1802).  2-Amino-4- 
methylpyridine,  2-amino-Mpicoline,  m.p.  104°  (Seide,  Ber.  58,  1733).  2- 

Amino-6-methylpyridine,  & -amino -2-picoline,  m.p.  41°  (Meyer,  Rec.  44,  323). 

3- Aminopyridine,  m.p.  64°,  b.p.  251°  from  nicotinamide  with  KOBr,  from 
the  corresponding  nitro  compound  (Kirpal,  Reiter,  Ber.  58,  699)  and  from  3- 
aminopicolinic  acid  (Meyer,  Rec.  44,  323) ;  it  is  also  formed  in  the  decomposition 
of  3-pyridylurcthan,  (CoH4N)NHC02C2H5,  m.p.  87°,  and  dipyridylurea,  which 
are  obtained  from  nicotinic  acid  azide  (p.  214)  with  alcohol  or  water  (Curtius, 
Mohr,  Ber.  31,  2493).  For  pyridinediazonium  salts,  2-diazoaminopyridine, 
(C5H4N.)N:N-NH(C5lI4N),  and  pyridineazoresorcinol  see  Mohr,  Ber.  3 i ,  2495. 

3- Amino-4-methylpyridine,  m.p.  106°  (Koenigs,  Fulde,  Ber.  60,  4106). 

4- Aminopyridine,  m.]3.  155°,  from  isonicotinamide  [Camps,  Arch.Pharm.  240 
(1902),  245]  or  from  4-aminodipicolinic  acid  by  decarboxylation  (Tschitschibabin, 
Ossetrowa,  Ber.  58,  1708) .  It  often  reacts  in  the  tautomeric  form  as  4-pyridone- 


208  SIX-MEMBERED  RINGS  WITH  ONE  HETERO  ATOM 


imine  (p.  197).  4-Amino-2,6-lutidine,  m.p.  186°,  b.p.  246°,  from  the  amino- 
lutidinecarboxylic  acid. 

2,5-Diaminopyridine  {Meyer,  Staffen,  Mo.  34,  517;  Tschitschibabin,  Kirsanow, 
Ber.  60,  766);  2,3-diaminopyridine,  m.p.  112°  {Tschitschibabin,  Kirsanow,  loc. 
cit.  and  Konopnicki ,  Plazek,  Ber.  60,  2045) ,  both  from  the  corresponding  2-amino- 
nitropyridines.  3,5-Diamino-2,6-dimethylpyridine,  m.p.  170°,  from  luticline- 
dicarboxylic  acid  diazide  {Mohr,  Ber.  33,  1114). 

2,2/-Dipyridylamine,  m.p.  95.5°  [Wibaut,  La  Bastide,  Koninkl.Akad.Wetten- 
schappen  Amsterdam,  wisk.natk.Afd.  36  (1927),  514]. 

2-  and  4-Hydrazinopyridine,  m.p.  48°,  b.p.  140°  (20  mm.),  from  the  corre¬ 
sponding  halogenopyridines  with  hydrazine  [Fargher,  Furness,  J.  107,  688; 
Tschitschibabin,  Rasorenow,  J.Russ.Phys.Chem.Soc.  47  (1916),  1286;  Koenigs, 
Mields,  Gurlt,  Ber.  57,  1180].  3-Hydrazinopyridine,  m.p.  55°,  from  3-pyridine- 
diazonium  chloride  by  reduction  with  SnCl2  (Brit.  Pat.  259961,  1926) .  4-Hydra  - 
zinolutidine,  m.p.  116°,  from  4-chlorolutidine  with  hydrazine  hydrate  at  150°. 
With  phenylhydrazine  4-chlorolutidine  forms  4-phenylhydrazinolutidine,  CeH5- 
NHNH(C7H8N),  which  is  converted  by  oxidation  to  benzeneazolutidine,  CeH6- 
N:N(C;H8N),  m.p.  63°  {Marckwald,  Rudzik,  Ber.  36,  1111). 

For  arsenopyridine,  pyridinearsine,  C5H4N-AsH2,  see  Binz,  Roth,  Gante, 
Ann.  467,  11. 


7.  HYDROXYPYRIDINES.  The  hydroxypyridines  ‘resemble 
the  aminophenols  in  forming  salts  with  both  acids  and  bases.  They 
are  readily  prepared  by  decarboxylation  of  the  hydroxypyridine- 
carboxylic  acids,  most  of  which  have  been  obtained  from  the  cor¬ 
responding  pyrone  derivatives  (p.  177)  with  NH3.  The  hydroxy¬ 
pyridines  are  generally  colored  red  by  ferric  chloride.  Like  the 
phenols,  2-  and  3-pyridols  couple  with  diazonium  salts  to  give  p- 
hydroxy  azo  dyes. 

The  2-  and  4-pyridols  behave  like  cyclic  imides  or  lactams. 
They  must  be  considered  as  oxo  derivatives  of  hydropyridines,  or 
pyridones.  For  2-  and  4-monohydroxypyridines  the  following 
tautomeric  formulas  are  possible: 


(I)  CH^ 


CH — C(OHk 

/CH— CH 

>N 

(II) 

HOC<f 

■CH- — -CH/ 

\CH=CH 

CH— CO. 

/CH=CH- 

>NH 

(Ha) 

OC< 

CH=CH/ 

XCH=CH 

%N 


Nnh 


(III) 


HC 


/K 


HC 


O 


CH 


CH 


H 


2-Pyridol,  2(l)-pyridone  4-Pyridol,  4(l)-pyridone 


Derivatives  of  the  hydroxyl  form  have  been  converted  to  the 
imine  form.  Thus,  2 -phenoxy pyridine  is  rearranged  by  passage  of 
its  vapors  through  a  slightly  incandescent  tube  into  l-phenyl-2{l)- 
pyridone  ( Tschitschibabin ,  Jeietzky,  Ber.  57,  1158). 

For  l-aryl-4(l)-pyridones  the  phenolbetaine  formula  III  has  been 
proposed  ( Fischer ,  Demeler,  Ber.  32,  1308;  Smirnoff,  Helv.  4,  599). 

These  formulas  must  be  considered  for  the  2,6-pyridincdiols  or  glutaconimides : 


(I) 


CH— C(OH) 
CH=C(OH) 


,CH- 


-CO. 


(II)  ch/  AA  WS>NH 

\CH=C(OHK 


CH — CO 
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The  members  of  this  group  are  typical  tautomeric  compounds  (see  the  section  on 
tautomerism  in  Vol.  I,  p.  48) . 

In  addition  to  the  methods  of  preparation  outlined  above  and  the  ring  syntheses 
described  on  p.  199,  hydroxypyridines  can  also  be  obtained  by  direct  introduction 
of  the  hydroxyl  group  into  the  pyridine  nucleus.  This  is  accomplished  by  passage 
of  the  vapors  over  pulverized  KOH  heated  to  300-320°  ( T  schitschibabin ,  Ber.  56, 
1882) .  This  reaction,  which  evolves  hydrogen,  is  analogous  to  the  introduction 
of  the  amino  group  with  NaNH2  (see  p.  207) . 

(a)  Monohydroxy  pyridines. — 2-Pyridol,  2(l)-pyridone,  a-pyridone,  m.p. 
106°,  b.p.  281°,  mercuric  chloride  double  salt,  m.p.  192°,  is  prepared  from  its 
carboxylic  acids,  hydroxynicotinic  acid  and  hydroxyquinolinic  acid  (p.  217),  or 
according  to  the  methods  given  above.  With  bromine  water  it  forms  dibromo- 
pyridol,  C5H3Br2ON,  m.p.  206°;  with  ethyl  iodide  it  gives  l-ethyl-2(l)  -pyridone, 
/CH — COv 

CH<(  \NC2H5,  b.p.  247°,  while  its  silver  salt  gives  2 -ethoxypyridine, 

\CH=CH/ 


xCH — C  (OC2H5)  v 

CH<f^  >N,  b.p.  156°;  with  diazomethane  2(1) -pyridone  forms 

\CH==CH/ 

2 -methoxy  pyridine  ( v .  Pechmann,  Ber.  28,  1625).  1  -M ethyl-2 (1) -pyridone,  b.p. 

166°  (80  mm.),  from  l-methyl-2-pyridoneimine  by  boiling  with  alkali  ( Tschit - 
schibabin,  Konowalowa,  Konowalowa,  Ber.  54,  814) .  N-Alkyl-2(l)-pyridones  are 
generally  formed  from  2-chloro-l-alkylpyridinium  halides  with  aqueous  sodium 
hydroxide  and  from  1-alkylpyridinium  halides  with  aqueous  sodium  hydroxide 
and  potassium  ferricyanide  (p.  201  and  Decker,  Kaufmann,  J.pr.  84,  435). 
When  N-alkylpyridones  are  heated  with  phosphorus  halides,  alkyl  halide  is  split 
off,  leaving  2-halogenopyridines  (p.  206)  ( Fischer ,  Ber.  32,  1297) : 


/CH — CHx  /CH3 

ch/  Sn/ 
\ch=ch/  XI 


/CH— COx 

-» CH<f  >NCH3 

\CH=CEk 


.CH— CCk 
->  CH<f  >N 

\ch=ch/ 


2,4-Dimethyl-2(l) -pyridone,  pseudolutidostyril,  mesitene  lactam,  m.p.  180°,  is 
prepared  from  dimethyl-l,2-pyrone  or  mesitene  lactone  (p.  178)  with  NH3,  and 
from  its  carboxylic  acids.  6-Phenyl-2(l) -pyridone,  m.p.  197°,  from  phenyl-1, 2- 
pyrone  with  ammonium  acetate;  with  aniline,  1,6 -diphenyl -2(1) -pyridone,  m.p. 
145°,  is  formed  ( Leven ,  Ber.  29,  1677). 

3- Pyridol,  m.p.  124°,  distills  undecomposed;  it  is  obtained  from  3-pyridine- 
sulfonic  acid  by  fusion  with  KOH  or  from  3-aminopyridine  with  nitrous  acid. 
Its  ethyl  ether,  C5H4(OC2H5)]NI,  results  from  the  reaction  of  alcoholic  KOH  with 
3  -bromopyridine . 

4- Pyridol,  4(1) -pyridone,  7 -pyridone,  C5H60N(+H20),  m.p.  148°,  is  prepared 
from  its  carboxylic  acids,  hydroxypicolinic  acid  and  hydroxydipicolinic  acid  (p. 

/CH=CHV 

217).  With  methyl  iodide  it  gives  1-methyl -4(1) -pyridone,  OC<^  )>NCH3> 

\CH=CIF 

m.p.  89°,  and  with  diazomethane  a  mixture  of  1-methyl -4(1) -pyridone  and  4- 

/CH — CHx 

methoxypyridine,  (CH30)C<(  )>N,  b.p.  190°  [Peratoner,  Azzarello, 

\CH  =  CH/ 

Atti  accad.  Lincei  15  (1906),  I,  139].  The  latter  is  also  formed  from  4-chloro- 
pyridine  with  sodium  methylate;  unlike  its  isomer,  it  is  decomposed  by  hydriodic 
acid  into  methyl  iodide  and  4(1) -pyridone. 

2. 6- Dimethyl -4(1) -pyridone,  4-lutidone,  m.p.  225°,  is  obtained  from  2,6-di- 
methyl-4(l)-pyridonedicarboxylic  acid  (p.  217)  and  from  dehydroacetic  acid 
(p.  178)  with  NIi3  ( Sedgwick ,  Collie,  J.  67,  399).  It  reacts  with  phenylhydra- 
zine  to  form  a  phenylhydrazone,  (C7H9N)N : NNHC6H5,  m.p.  125°  ( Petrenko - 
Kritschenko,  Mosseschwili,  J.pr.  64,  496). 

1.2.6- Trimethyl-4(l)-pyridone  is  formed  from  4-chloro-l-methyllutidinium 
iodide  with  dilute  aqueous  sodium  hydroxide  ( Michaelis ,  Holken,  Ann.  331,  256) . 
4-Ethoxylutidine,  b.p.  207°,  from  4-aminolutidine  (p.  208)  by  diazotization  in 
alcoholic  solution  ( Marckwald ,  Ber.  27,  1328). 

1 -Methyl -2-imino-l,2-dihydropyridine,  1 -methyl-2 -pyridoneimine,  picrate  m.p. 
201  °,  results  from  the  action  of  methyl  iodide  on  2-aminopyridine  ( T schitschibabin. 
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Konowalowa,  Konowaloioa ,  Ber.  54,  814);  when  heated  it  rearranges  to  2-methyl- 
aminopyridine  ( Reindel ,  Rauch,  Ber.  58,  394). 

Methylenedihydropyridines,  Pyridone  Methides. — Methylenedihydropyridines, 
which  may  be  considered  as  derivatives  of  2(1)-  and  4(1) -pyridone,  are  produced 
by  the  action  of  alkali  on  the  dimethyl  sulfate  or  alkyl  iodide  addition  products 
of  2-  and  4-methylpyridines  (I) .  In  the  case  illustrated  below,  a  series  of  inter¬ 
mediate  steps  culminate  in  the  formation  of  two  interconvertible  methylene¬ 
dihydropyridines  (II  and  HI),  which  correspond  to  the  methylenequinones  of  the 
aromatic  series.  These  compounds  might  also  exist  as  free  radicals  (IV).  The 
simplest  members  of  this  group,  from  2-  and  4 -pi coline,  have  not  yet  been  re¬ 
ported  ( Mumrn ,  Hingst,  Ber.  56,  2301;  Tschitschibabin,  Benewolenskaja,  Ber. 
61,  547). 


CH3 

H5C200C(/\C00C2H 


(I) 


H3C 


3^W 


2-^5  NaOH  n5^2 
- » 


CH2 

II 

HaCaOOCf^COOCaHs 
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CH3 


h3c 


ch3 


(II) 


H,cr  t)-so3-ch3 
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(HI) 
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h5c2ooc/\cooc2h6 
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I 
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I 

ch3 

ch2.... 

H5c2ooc/kcooc2H5 
(nJch3 

I  ■■■■ 
ch3 


h3c 


(IV) 


The  methylenedihydropyridines  are  intermediate  products  in  the  preparation 
of  the  pyridine  analogues  of  the  carbocyanines,  which  are  formed  by  the  action 
of  sodium  alcoholates  on  1,2-  and  1,4-dimethylpyridinium  iodides  in  the  presence 
of  chloroform  ( Rosenhauer ,  Barlet,  Ber.  62,  2724) : 


H3C 


A| 

/N\ 


— CH :  CH  •  CH= 


A 

W 

I 

ch3 


1,1  '-Dimethyl-2, 2'-carbopyridinecyanine  iodide 

For  other  methylenedihydropyridines,  see  Mumrn ,  Ann.  443,  272. 

(6)  Dihydroxypyridines 2,6-Pyridinediol,  glutaconimide ,  C5H602N,  m.p. 
184°,  is  prepared  from  hydroxyglutarimide,  glutaconamic  acid,  glutaconamide  or 
dihydroxydinicotinic  acid  (p.  217) .  Its  salts  (chloride  +  H20,  sulfate  +  2  H20) 
are  decomposed  by  water.  Distillation  with  zinc  dust  converts  it  to  pyridine, 
PCI5  converts  it  to  pentachloropyridine  ( cf .  p.  206). 

2,5-Pyridinediol,  m.p.  248°,  characterized  by  its  blue  coloration  with  ferric 
chloride,  is  obtained  from  3-pyridol  by  fusion  with  NaOH  (cf.  p.  209).  It  is 
oxidized  by  Mn02  and  sulfuric  acid  to  a  pyridinequinone,  C5H302N  ( Kudernatsch , 
Mo.  18,  613). 

Other  isomeric  dihydroxypyridines  have  been  prepared  by  the  fusion  of  pyri- 
dinedisulfonic  acids  with  KOH  ( Koenigs ,  Geigy,  Ber.  17,  1832)  and  by  the  de¬ 
carboxylation  of  comenamic  acid  and  dihydroxypicolinic  acid  (p.  217)  (Weidel, 
Blau,  Mo.  6,  651). 

3-Methyl-2,6-pyridinediol,  C5(CH3)H402N,  m.p.  191°,  3-ethyl-  and  3-benzyl- 
pyridinediol  were  synthesized  from  methyl-,  ethyl-,  and  benzylglutaconic  acid 
ester  with  ammonia  (Ruhemann,  J.  63,  259,  874).  4-Pheryl-2,6-pyridinediol, 
m.p.  255°  ( Ruhemann ,  Proc.Chem.Soc.  1898/9,  No.  202,  6).  These  dihydroxy- 
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pyridines  correspond  to  resorcinol  in  the  benzene  series,  and  like  it  give  dyestuffs 
with  phthalic  anhydride  (cf.  p.  202  and  Ruhemann ,  Ber.  26,  1559). 

6-Methyl-2,4-pyridinediol,  m.p.  331°,  is  obtained  from  the  synthetic  dihy- 
droxypicolinic  acid  (p.  217).  With  N203  it  yields  a  nitrosomethylpyridinediol, 
which  is  converted  by  treatment  with  stannous  chloride  and  hydrochloric  acid  to 
methylpyridinetriol,  m.p.  264°  (Hess,  Ber.  32,  1985;  cf.  Lapworth,  Collie,  J.  71, 
838).. 

Ricinine,  the  poisonous  alkaloid  of  the  castor  oil  plants,  has  been  identified  as 
a  derivative  of  a  hydroxypyridone  (Spdth,  Z.angew.Chem.  1928,  1261) : 

och3 

/%CN 


W 


=0 


ch3 

Ricinine,  l-methyl-4-methoxy-3-cyano-2(l) -pyridone 

(c)  Trihydroxy  pyridines. — 2,4,6-Pyridinetriol,  triketopiperidine,  decomposes 
at  220-230°;  it  corresponds  to  phloroglucinol.  It  is  formed  when  glutazine  is 
boiled  with  hydrochloric  acid;  this  reaction  is  reversed  when  the  trihydroxy  pyri¬ 
dine  is  heated  with  ammonia.  Glutazine,  j 3-iminoglutarimide, 

/CHo— COv 

HN:C<  >NH 

XCH2— CCK 

m.p.  300°  (dec.),  is  obtained  from  /3-oxoglutaric  acid  by  warming  with  ammonia 
(v.  Pechmann,  Ber.  20,  2655) .  An  isomeric  trihydroxypyridine,  pyromecazonic 
acid,  is  formed  by  the  reaction  of  pyromeconic  acid  (p.  179)  with  ammonia;  it 
gives  an  indigo  blue  coloration  with  FeCl3. 

8.  PYRIDINETHIOLS.  Mercaptans  of  the  pyridine  series  are  prepared 
from  2-  or  4-halogenopyridines  by  treatment  with  alcoholic  KSH -solution 
(Marckwald,  Klemm,  Trabert,  Ber.  33,  1556).  2-Pyridinethiol,  thiopyridone, 
yellow  prisms,  m.p.  125°,  from  2-chloropyridine,  is  converted  b}^  iodine  to  a  di¬ 
sulfide,  (C6H4N)2S2,  m.p.  58°,  by  nitric  acid  to  pyridinesulfonic  acid  (p.  206) 
and  by  methyl  iodide  to  methyl  2-pyridyl  sulfide,  b.p.  197°,  which  is  also  ob¬ 
tained  by  distillation  of  the  methyl  iodide  addition  product  of  1-methylthio- 
pyridone,  CeH4SN (CH3) ,  m.p.  90 °.  1-Methylthiopyridone  has  been  formed  from 
1 -methyl- 2-pyridone  with  P2Ss  and  from  2-iodo-l-methylpyridinium  iodide  with 
KSH  (see  above) . 

4-Pyridinethiol,  m.p.  177°,  yellowish  white,  from  4-chloropyridine  and  KSH 
(Koenigs,  Kinne,  Ber.  54,  1357);  the  corresponding  disulfide,  colorless,  m.p. 
155°. 

1-Methyliodopyridinium  iodide  reacts  with  potassium  selenide  to  form  1- 
methyl-2-selenopyridone,  C6H4SeN(CH3),  m.p.  80°.  The  methyl  iodide  addi¬ 
tion  product  of  the  latter  is  converted  by  distillation  to  methyl  2-pyridyl  selenide, 
(CsH4N)SeCH3,  b.p.  212°  (Michaelis,  Holken,  Ann.  331,  245). 

2,6 -Dimethyl -4-pyridinethiol,  thiolutidone,  m.p.  224°,  from  4-chlorolutidine ; 
lutidyl  sulfide,  (C7H8N)2S,  m.p.  83°;  disulfide,  m.p.  57°.  The  mercaptan  is  oxi¬ 
dized  by  alkaline  H202-solution  to  4 -lutidinesulfonic  acid.  1 -Methyl -4-thioluti- 
done,  m.p.  268°,  from  4-chloro-l,2,6-trimethylpyridinium  iodide  with  KSH, 
reacts  with  methyl  iodide  to  form  the  methyl  iodide  addition  product  of  4- 
methylthiolutidine,  (C7H8N)SCH3,  m.p.  51°,  b.p.  233°.  l-Methyl-4-thioluti- 
done  is  oxidized  by  chlorine  water  to  a  trioxide,  CrH8N(CH3)S03  (Michaelis, 
Holken,  Ann.  331,  245). 

9.  PYRIDINE  ALCOHOLS.  Pyridine  alcohols  or  pyridine  alkines  are  pre¬ 
pared:  (1)  from  2-  and  4-alkylpyridines  by  aldol  condensation  with  aldehydes; 
(2)  from  their  hydrdbromic  acid  esters,  the  homologous  pyridines  brominated  in 
the  side-chain,  by  heating  with  water;  (3)  from  the  corresponding  ketones  by 
reduction ;  and  (Jf)  by  the  action  of  alkylmagnesium  compounds  on  the  pyridine 
carboxaldehydes,  which  are  difficult  to  obtain  (Lautenschldger,  Onsager,  Ber.  51, 
602). 
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3-Pyridinemethanol,  C5H4N-CH2OH,  is  obtained  from  its  bromide,  which  is 
prepared  from  3-picoline  with  bromine  at  150°  ( Dehnel ,  Ber.  33,  3498).  2- 

Methyl-5-(a;-bromoethyl) pyridine  when  boiled  with  water  yields  a,  6 -dimethyl -3- 
pyridinemethanol,  C5H3(CH3)NCH(OH)CH3,  b.p.  240°  ( Knudsen ,  Ber.  28, 
1759).  a-Ethyl-2-pyridinemethanol,  C5H4N •  CH(OH)C2H5,  b.p.  123-125°  (20 
mm.)  (M eisenheimer ,  Mahler,  Ann.  462,  301);  a-phenyl-2-  and  -4-pyridine- 
methanol,  C5H4N*CH(OH)C6H5,  m.p.  82°  and  126°,  by  reduction  of  2-propionyl- 
pyridine  and  2-  and  4-benzoylpyridine  with  sodium  amalgam  ( T schitschibabin , 
Ber.  37,  1370).  or,a-Dimethyl-2-pyridinemethanol,  C5H4N-C(OH)(CH3)2,  m.p. 
51°,  b.p.  204°,  and  a,a-diethyl-2-pyridinemethanol,  b.p.  153°  (24  mm.),  are  ob¬ 
tained  from  picolinic  acid  ester  and  alkylmagnesium  halides  ( Sobecki ,  Ber.  41, 
4103). 

The  following  alcohols  were  prepared  by  the  condensation  of  2-  and  4-alkyl- 
pyridines  with  aldehydes  ( Ladenburg ,  Ber.  22,  2583;  Ann.  301,  124;  Matzdorff, 
Ber.  23,  2709;  Bach,  Ber.  34,  2233;  Koenigs,  Happe,  Ber.  35,  1343;  36,  2904; 
Lipp,  Richard,  Ber.  37,  737;  Lipp,  Zerngibl,  Ber.  39,  1045;  Loffler,  Thiel,  Ber. 
42,  132):  2 -Pyridineethanol,  picoline  alkine,  C5H4N-CH2CH2OH,  b.p.  115° 

(9  mm.),  /3-hydroxymethyl -2-pyridineethanol,  2-(/3,  /3 '-dihydroxyisopropyl) pyri¬ 
dine,  C5H4N -CH(CH2OH)2,  m.p.  78°,  and  /3,/3-di-(hydroxymethyl) -2-pyridine¬ 
ethanol,  2-(/3,/3/,/3" -trihydroxy 4 -butyl) pyridine,  C5H4N-C(CH2OH)3,  m.p.  68°, 
are  the  products  of  the  condensation  of  2-picoline  with  formaldehyde.  When 
heated  with  hydrobromic  or  hydriodic  acid  pyridineethanol  yields  2-/3-bromo-  or 
iodoethylpyridine,  C5H4N  •  GEEGtEX,  unstable  oils,  which  readily  rearrange  to 

CH  •  CH :  C —  CH2 

the  high-melting  bicyclic  pyridinium  salts,  ||  |  I  ,  m.p.  213°  and 

CH-CH:NX-CH2 

227°,  and  which  react  with  NH3  and  amines  to  form  compounds  such  as  2-/3- 
aminoethylpyridine,  C5H4N -CH2CH2NH2,  b.p.  91°  (12  mm.)  ( Loffler ,  Ber.  37, 
161;  Loffler,  Kirschner,  Ber.  38,  3329).  4-Picoline  and  formaldehyde  give  4- 
pyridineethanol,  C5H4N*CH2CH2OH,  b.p.  152°  (14  mm.),  picrate  m.p.  135° 
(M eisenheimer,  Ann.  420,  202),  and  /3,/3-di- (hydroxymethyl) -4 -pyridineethanol, 
C&H4N  C(CH2OH)3,  4- (/3,/3',^" -trihydroxy 4 -butyl) pyridine,  m.p.  156-157°. 

2.6- Lutidine  and  formaldehyde  give  6-methyl-2-pyridineethanol  and  2,6-pyridine- 
diethanol,  m.p.  55  °  and  74  °.  s-Collidine  and  formaldehyde  give  /3-hydroxymethyl- 

2. 6- dime  thyl-4-pyridineethanol,  2, 6-dimethyl -4-(  /3,  /S  '-dihydroxyisopropyl)  pyri¬ 
dine,  C5H2(CH3)2N -CH(CH2OH)2,  m.p.  103°,  and  2-ethylpyridine  yields  /3- 
methyl-2-pyridineethanol,  C5H4N •  CH(CH3)CH2OH.  The  iodide  from  4-pyri- 
dineethanol  and  HI,  like  2-iodoethylpyridine  (see  above)  rearranges  when  heated 
to  a  bicyclic  pyridinium  salt: 


^CH-CH. 

Cf  CHsCHAnI 

\ch=ch/ 


( Loffler ,  Steitzel,  Ber.  42,  124).  Reduction  with  hydriodic  acid  and  phosphorus 
or  with  zinc  dust  converts  these  alcohols  to  the  corresponding  alkylpyridines,  and 
oxidation  transforms  them  to  pyridinecarboxylic  acids.  a-Methyl -2-pyridine¬ 
ethanol,  C5H4N -CH2CH(OH)CH3,  m.p.  32°,  b.p.  124°  (20  mm.),  a-phenyl-2- 
pyridine ethanol,  C5H4N  *CH2CH(OH)C6H5,  m.p.  97°,  from  picoline  with  acetal¬ 
dehyde  and  benzaldehyde.  a-Trichloromethyl-2-pyridineethanol,  m.p.  87°,  from 
2-picoline  and  chloral;  for  its  reactions,  see  p.  202. 

10.  PYRIDINECARBOXALDEHYDES  are  difficult  to  prepare.  Reduction 
of  the  corresponding  acid  chlorides  yields  small  quantities  of  aldehydes  [  Rojahn, 
Schulten ,  Arch.Pharm.  264  (1926),  348]. 

11.  PYRIDINE  KETONES.  Ketones  of  the  pyridine  series  are  prepared  by 
distillation  of  Ca  salts  of  pyridinecarboxylic  acids  with  Ca  salts  of  fatty  or  aromatic 
acids  (Hess,  Munderloh,  Ber.  52,  987)  and  by  ring -synthesis  (Scholtz,  Ber.  30, 
2295;  Knoevenagel,  Ruschhaupt,  Ber.  31,  1025;  Benary,  Psille,  Ber.  57,  828). 
On  reduction  they  form  secondary  alcohols  and  pinacones. 

2-Acetylpyridine,  b.p.  192°,  from  the  Ca  salt  of  picolinic  acid  and  calcium  ace¬ 
tate,  oxime,  m.p.  120°,  phenylhydrazone ,  m.p.  155°;  for  condensation  products 
with  aromatic  aldehydes,  see  Engler,  Engler,  Ber.  35,  4061.  3-Acetylpyridine, 
b.p.  220  0 ,  from  the  Ca  salt  of  nicotinic  acid  and  calcium  acetate  5-Acetyl -2-pico¬ 
line,  b.p.  233°,  from  the  corresponding  alcohol  (see  above)  by  oxidation  ( Knud - 
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sen,  Ber.  28,  1764) .  2-Propionylpyridine,  b.p.  205°,  is  reduced  by  Na  and  amyl 
alcohol  to  a-ethyl-2-piperidinemethanol,  C2H5CH(OII)  -CsIRNH  (p.  224),  and 
then  into  ( d  -f-  0-coniine  (p.  332).  3-Benzoylpyridine,  CeHsCOC.JRN,  b.p. 
307°  ( Bernthsen ,  Mettegang ,  Ber.  20,  1209),  from  benzoylpicolinic  or  isonicotinic 
acids  (p.  215),  gives  two  isomeric  oximes,  m.p.  142°  and  162°.  2-Benzoyl-  and 
4-benzoylpyridine,  b.p.  317°,  and  m.p.  72°,  b.p.  315°,  from  the  benzylpyridines 
(p.  205)  by  oxidation.  3,5-Diacetyl-2,6-lutidine,  C5H(COCH3)2(CH3)2N,  m.p. 
74°,  is  prepared  from  3,5-diacetyl-3-heptene-2,6-dione,  (CH3CO)2GHCH: - 
C(COCH3)2,  with  ammonia  and  from  its  dihydro  derivative  by  oxidation  with 
N203  ( Scholtz ,  Ber.  30,  2295;  Claisen,  Ann.  297,  71).  Other  pyridine  ketones 
have  been  similarly  obtained  from  their  dihydro  derivatives,  such  as  3,5-diacetyl- 
4-phenyl-2,6-lutidine,  m.p.  188°,  from  benzalacetonylacetone  with  aminoacetyl- 
acetone  ( Knoevenagel ,  Ruschhaupt,  Ber.  31,  1026).  2-Acetoacetylpyridine, 
C5H4N-COCH2COCH3,  m.p.  50°,  b.p.  137-143°  (15  mm.),  from  picolinic  acid 
ester,  acetone,  and  sodium  ethylate  {Weidel,  Mo.  17,  401).  3-Acetoacetyl-  and 
4-acetoacetylpyridine  are  obtained  by  the  same  method  from  nicotinic  and  iso¬ 
nicotinic  acid  ester  ( Tscherne ,  Mo.  22,  615). 

12.  PYRIDINECARBOXYLIC  ACIDS.  Carboxylic  acids  of 
the  pyridine  series  are  formed  by  ring-synthetic  methods  or  by 
oxidation  of  homologous  pyridines  with  potassium  permanganate 
solution,  alkyl  and  phenyl  groups  being  converted  to  carboxyl  groups 
(c/.  p.  202) ;  in  condensed  pyridine  derivatives,  such  as  quinoline  and 
isoquinoline,  the  benzene  ring  leaves  carboxyl  groups  when  it  is  de¬ 
stroyed  by  oxidation.  Therefore,  most  alkaloids,  being  derivatives 
of  pyridine,  quinoline,  and  isoquinoline,  are  converted  to  pyridine- 
carboxylic  acids  by  energetic  oxidation.  In  the  preparation  of  these 
acids  it  must  also  be  remembered  that  the  pyridine  ring  itself  is  de¬ 
stroyed  by  oxidation  on  long  boiling,  especially  with  KMnCh  (p.  202) . 
For  the  separation  of  the  acids  produced  from  a  mixture  of  pyridine 
bases,  see  Pinner ,  Ber.  33,  1225. 

The  lower  acids  can  be  obtained  from  pyridinepoly carboxylic  acids 
by  heating  with  hydrochloric  acid;  the  carboxyl  groups  in  the  2-  or 
6-position  are  removed  first.  Heating  with  lime  eliminates  all  the 
carboxyl  groups,  leaving  pyridine. 

Like  other  pyridine  derivatives,  pyridinecarboxylic  acids  are  reduced  by 
sodium  and  alcohol  to  piperidinecarboxylic  acids. 

Several  pyridinecarboxylic  acids,  when  reduced  with  sodium  amalgam  in  aque¬ 
ous  alkaline  solution,  are  converted  to  lactone  acids  of  the  aliphatic  series,  the 
group  — CH=N — CH—  being  transformed  to  — CO — O — CH2 —  ( Weidel ,  Hoff, 
Mo.  13,  578;  Perlmutter,  Mo.  13,  840;  Smoluchowsky ,  Mo.  15,  55). 

Since  the  pyridines  are  bases,  their  carboxylic  acids  behave  like  amino  acids. 
In  the  poly  carboxylic  acids  the  basic  properties  are  less  pronounced.  When 
pyridinecarboxylic  acids  are  warmed  with  alkyl  iodides  in  soda  solution,  betaines 
are  formed  {Meyer,  Ber.  36,  616). 

As  already  mentioned  on  p.  203,  the  determination  of  the  constitu¬ 
tion  of  pyridine  derivatives  is  based  on  the  pyridinecarboxylic  acids, 
since  the  position  of  substituents  can  usually  be  found  by  conversion 
to  the  carboxylic  acids.  An  unequivocal  proof  of  the  constitution  of 
the  pyridinecarboxjdic  acids  is  therefore  of  major  importance. 

The  Constitution  of  Pyridinemonocarboxylic  Acids. — The  constitution  of  2- 
pyridinecarboxylic  acid  (picolinic  acid)  and  3 -pyridinecarboxylic  acid  (nicotinic 
acid)  is  known  through  their  preparation  from  2-  and  3-phenylpyridine  by  oxida¬ 
tion;  2-phenylpyridine  and  3-phenylpyridine  are  obtained  from  benzo[/ij-  and 
benzo[/] quinoline,  which  oxidize  to  2-  and  3-phenylpyridinedicarboxylic  acid, 
from  which  the  phenylpyridines  are  formed  by  decarboxylation.  This  proof  of 
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constitution  depends  on  the  proof  of  the  constitution  of  the  benzoquinolines  (p. 
247) .  The  derivation  of  the  constitution  of  picolinic  acid  is  outlined  by  the  fol¬ 
lowing  scheme : 


HC=CH 


H02C  co2h 


Benzo  [/i]quinoline 


2-Carboxyphenylpyridine- 
carboxylic  acid 


ho2c- 


/\ 


V 

N 


* 


2-Pyridinecarboxylic  acid, 
Picolinic  acid 


/\ 

\/ 

N 

2-Pbenylpyridine 


■> 


A  simpler  proof  of  the  constitution  is  given  by  the  behavior  of  pyridinedicar- 
boxylic  acids.  Quinolinic  acid  (pyridinedicarboxylic  acid),  produced  by  the 
oxidation  of  quinoline,  has  the  carboxyl  groups  in  the  2,3 -position,  and  cincho- 
meronic  acid,  from  isoquinoline,  is  the  3,4-dicarboxylic  acid.  When  quinolinic 
acid  is  heated,  nicotinic  acid  is  formed  by  elimination  of  one  C02-group,  but 
cinchomeronic  acid  gives  both  nicotinic  and  isonicotinic  acid.  Therefore  nico¬ 
tinic  acid  is  3-pyridinecarboxylic  acid,  and  isonicotinic  acid  is  4-pyridinecarboxylic 
acid. 

(a)  Pyridinemonocarboxylic  Acids. — 2-Pyridinecarboxylic  acid,  picolinic  acid, 
C5H4N-2-COOH,  m.p.  135-138°,  sublimable,  is  prepared  by  oxidation  of  2- 
picoline  {Wibaut,  Rec.  45,  662);  it  is  colored  yellow-red  by  ferrous  sulfate,  like 
all  pyridinecarboxylic  acids  which  contain  a  COOH -group  in  the  2-position. 
Ethyl  ester,  b.p.  243°;  chloride,  m.p.  47°  {Meyer,  Graf,  Ber.  61,  2202) ;  anhydride, 
m.p.  124°;  amide,  m.p.  107°;  nitrile,  m.p.  29°,  b.p.  212-21 5° .[Meyer,  Mo.  23, 
437;  Camps,  Arch.Pharm.  240  (1902),  366]. 

NICOTINIC  ACID,  3-pyridinecarboxylic  acid,  m.p.  229°,  first  obtained  from 
the  alkaloid  nicotine  (p.  336),  is  prepared  from  3-picoline  and  other  3-alkylpyri- 
dines,  and  from  its  nitrile  (p.  206).  Its  methyl  iodide  addition  product  forms  a 


betaine,  OCO-CsH  4N  •  CH3,  which  is  identical  with  the  alkaloid  trigonelline  (p. 
331).  Nicotinic  acid  ethyl  ester ,  b.p.  218°;  chloride,  m.p.  16°  (dec.)  {Meyer, 
Graf,  Ber.  61,  2202) ;  amide,  m.p.  125°;  nitrile,  m.p.  49°,  b.p.  240-245°  [Camps, 
Arch.Pharm.,  240  (1902),  366;  Meyer,  Mo.  23,  897];  hydrazide,  m.p.  159°; 
azide,  m.p.  48°  {Curtius,  Mohr,  Ber.  31,  2493). 

6-Chloronicotinic  acid,  Q-chloropyridine-3-carboxylic  acid,  m.p.  199°,  from 
hydroxynicotinic  acid  (p.  217),  reacts  with  NH3,  when  heated,  to  give  6-amino- 
nicotinic  acid,  which  yields  2-aminopyridine  on  heating  and  5-nitro-6-amino- 
nicotinic  acid,  m.p.  280°,  on  nitration;  by  reduction  of  the  latter,  5,6-diamino- 
nicotinic  acid  is  formed.  2-Aminonicotinic  acid,  from  quinolinamic  acid  writh 
KOBr,  gives  2-aminopyridine  when  heated  and  a  nitroaminonicotinic  acid  when 
nitrated  {Marckwald,  Ber.  27,  1317;  Philips,  Ann.  288,  253).  With  hydrazine 
6-chloronicotinic  acid  forms  6-hydrazinonicotinic  acid,  COOH[3]C5H3N[6]- 
NHNH2,  m.p.  283°,  which  is  converted  by  boiling  with  formic  acid  into  s-tri- 
azolo[ a] pyridinecarboxylic  acid,  and  by  HN02  into  tetrazolo[a]pj'Tidinecarboxy- 
lic  acid : 


HC=CH — O 


=N 


HOOC  •  C— CH — N — CH 


•N 


and 


HC=CH — C=N 

I  I 

HOOC  •  C=CH — N — N 


N 


When  oxidized  these  acids  yield  triazole  (p.  153)  and  tetrazole  (p.  170)  {Marck¬ 
wald,  Rudzik,  Ber.  36,  llli). 
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ISONICOTINIC  ACID,  4-pyridinecarboxylic  acid,  ra.p.  304°,  from  4-methyl- 
pyridine  and  from  cinchomeronic  acid  (see  below)  by  decarboxylation  ( Terndjgd, 
Mo.  21,  446).  Chloride,  m.p.  16°  {Meyer,  Graf,  Ber.  61,  2202) ;  ethyl  ester,  b.p. 
218°,  whose  ethyl  iodide  addition  product  decomposes  to  isonicotinic  acid  ethyl- 
betaine,  m.p.  241°  (dec.);  amide,  m.p.  155°;  nitrile,  m.p.  79°  [Camps,  Arch. 
Pharm.  240  (1902),  366]. 

Homologous  Pyridinemonocarboxylic  Acids.  6-Methylpicolinic  acid,  C5II3N- 
[2,6]  (CH3)COOH,  m.p.  85°,  from  2,6-lutidine  ( Ladenburg ’,  Scholtze,  Ber.  33, 
1081;  Pinner,  Lewin,  Ber.  33,  1230).  2-Methylisonicotinic  acid,  sublimable, 
from  6-methyl -2, 4-pyridinedicarboxylic  acid  (p.  216)  by  decarboxylation.  4- 
Methylnicotinic  acid,  m.p.  210°,  from  4-methylquinolinic  acid  (p.  216)  by  de¬ 
carboxylation.  2,4-Dimethylnicotinic  acid,  Cs(CH3)2H2N- COOH  (+2  H20),  is 
obtained  in  the  form  of  its  ester  from  acetoacetic  ester  with  2  mols  of  acetaldehyde 
and  NH3  according  to  method  2  (p.  198).  2, 6-Dimethyl -4-chloronicotinic  acid, 

C5HCl(CH3)2N[3]COOH,  m.p.  168-170°,  from  /3-aminocrotonic  acid  ester  by 
heating  with  POCl3,  reacts  with  hydrazine  and  phehylhydrazine  to  give  hydrazine 
derivatives,  which  form  bicyclic  pyrazolones  by  elimination  of  water  {Michaelis , 
Arend,  Ber.  36,  515;  Michaelis,  Ann.  366,  324). 

2,6-Diphenylisonicotinic  acid,  m.p.  279°,  from  diphenacylacetic  acid  with  NH3 
{Klobb,  Bull.  [3]  29,407). 

( b )  Pyridinedicarboxylic  Acids.  QUINOLINIC  ACID,  2,3-pyridinedicarbox- 
ylic  acid,  C6H3N(COOH)2,  m.p.  190°  (dec.)  is  prepared  from  quinoline  and 
quinolines  substituted  in  the  benzene  nucleus  by  oxidation  with  potassium 
permanganate  in  alkaline  {Hantzsch,  Ber.  19,  293)  or,  more  advantageously,  in 
alkaline -earth  solution  (Ger.  Pat.  414072,  1923,  Frdl.  XV,  1486) .  For  the  esteri¬ 
fication  of  quinolinic  acid,  see  Kirpal,  Mo.  29,  227.  Quinolinic  acid  anhydride, 
m.p.  134°;  imide,  m.p.  230°  {Philips,  Ann.  288,  257).  The  methyl  iodide  addi¬ 
tion  product  of  the  anhydride  is  converted  by  treatment  with  Ag20  and  water 

to  quinolinic  acid  methylbetaine,  (*)CO[3]  (C02H)  [2]C5H3N (CH3) ;  with  ben¬ 
zene  and  A1C13  the  anhydride  yields  3-benzoylpicolinic  acid,  C5H3N[3]COC6H5- 
[2] COOH  {Kirpal,  Mo.  27,  371;  Holla,  Mo.  32,  747).  In  the  same  way  the 
quinolineins ,  dyestuffs  analogous  to  the  phthaleins,  are  produced  {Ghosh,  J.  115, 
1101). 

CINCHOMERONIC  ACID,  3, 4-pyridinedicarboxylic  acid,  m.p.  266°  (dec.), 
from  cinchonine,  cinchonidine,  and  quinine  {cf.  Terndjgd,  Mo.  21,  446)  with 
nitric  acid,  from  isoquinoline  (p.  251)  with  KMn04,  etc.  It  is  reduced  by  sodium 
amalgam  to  cinchonic  acid,  C7H806,  which  decomposes  when  heated  into  C02 
and  pyrocinchonic  acid  or  dimethylmaleic  acid  anhydride  {Ladenburg ,  Ber.  18, 
2968).  Cinchomeronic  acid  anhydride,  m.p.  67°,  adds  methyl  alcohol  to  form 
the  4 -methyl  ester,  C5H3N[3]COOH[4]COOCH3,  m.p.  173°,  which,  by  con¬ 
version  to  the  4 -monoamide  {cf.  Gabriel,  Colman,  Ber.  35,  2841)  and  subsequent 
treatment  with  KOBr,  yields  4-aminonicotinic  acid.  The  dimethyl  ester,  b.p. 
169-171  °  (28  mm.) ,  can  be  partially  saponified  to  the  3-monomethyl  ester,  C5H3N- 
[4]  COOH  [3]  COOCH3.  The  4-monomethyl  ester  is  converted  by  treatment  with 
methyl  iodide  and  silver  oxide  to  the  methyl  ester  of  apophyllenic  acid, 


0C0[3]C02CH3[4]C6H3N(CH3)  {cf.  narcotine),  while  the  3-monomethyl  ester 
gives  the  methyl  ester  of  the  isomeric  cinchomeronic  acid  methylbetaine 
{Kirpal,  Mo.  24,  519) .  With  benzene  and  A1C13  the  anhydride  yields  a  mixture 
of  4-benzoylnicotinic  acid  and  3-benzoylisonicotinic  acid  {Kirpal,  Mo.  30,  355). 

Several  2,6-dialkylcinchomeronic  acid  esters  are  readily  synthesized  from  (3- 
aminocrotonic  acid  ester,  acetoneoxalic  ester  and  similar  compounds  {Mumm, 
Huneke,  Ber.  50,  1568;  Mumm,  Bohme,  Ber.  54,  726;  see  method  2,  example  ( b ), 
p.  198). 

Cinchomeronimide,  m.p.  230°,  is  converted  by  bromine  lye  into  3-aminoiso- 
nicotinic  acid,  which,  like  anthranilic  acid,  tends  to  form  heterocyclic  ortho¬ 
condensation  products  {Gabriel,  Colman,  Ber.  35,  2836) .  It  is  reduced  by  Sn  and 

/COv 


hydrochloric  acid  to  cinchomeronimidine,  NC5H3<  VNH,  m.p.  199- 

XCH/ 

200°.  N-(Carboethoxymethyl) -cinchomeronimide,  C5H3N  (CO)2NCH2COOR, 
from  the  potassium  derivative  of  cinchomeronimide  and  chloroacetic  ester,  reacts 
with  sodium  ethylate  similarly  to  the  analogous  phthalimide  derivative,  forming 
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a  derivative  of  copyrine  (containing  two  pyridine  nuclei),  dihy  droxy  copyrin  e- 

✓CO — NH 

carboxjdic  acid  ester,  NC5H3<;  |  ;  the  latter  yields,  on  decarboxyla- 

xCO— CHC02R 

tion,  dihydroxycopyrine  and,  on  heating  with  hydriodic  acid  and  phosphorus,  4- 
ethylnicotinic  acid  ( Gabriel ,  Colman,  Ber.  35,  1358,  2831;  Fels,  Ber.  37,  2129). 

2,4-Pyridinedicarboxylic  acid,  lutidinic  acid,  C5H3N(C00H)2  +  2H20,  m.p. 
235°  (Ladenburg ,  Ann.  247,  37).  2,5-Pyridinedicarboxylic  acid,  isocinchomeronic 
acid,  crystallizes  with  1  to  1V2H20,  m.p.  236°  (Weiss,  Ber.  19,  1311).  2,6- 

Pyridine  dicarboxylic  acid,  dipicolinic  acid,  m.p.  225°  (Ladenburg ,  Ann.  247,  33). 

3.5- Pyridinedicarboxylic  acid,  dinicotinic  acid,  m.p.  314°  ( Hantzsch ,  Weiss, 
Ber.  19,  286). 

Homologous  Pyridinedicarboxylic  Acids.  4-Methylquinolinic  acid,  lepidinic 
acid,  C5(CH3)H2N(COOH)2,  m.p.  186°,  from  4-rnethylquinoline  (lepidine)  or, 
better,  from  Bz-hydroxy-2-chlorolepidine  by  oxidation  with  KMn04;  in  the 
latter  case,  2-chlorolepidinic  acid  is  formed  first,  and  this  is  reduced  with  III  and 
phosphorus  to  lepidinic  acid  (Besthorn,  Byvanck,  Ber.  31,  796). 

Uvitonic  acid,  6-methyllutidinic  acid,  6-methyl-2,4-pyridinedicarboxylic  acid, 
C5(CH3)H2N(C00H)2,  m.p.  244°,  is  formed  by  the  action  of  alcoholic  NH3  on 
pyruvic  acid. 

Lutidinedicarboxylic  acid,  2,6-dimethyl-3,5-pyridi7iedicarboxylic  acid,  C5H- 
(CH3)2N(C00H)2,  m.p.  316°,  from  methenyl-6is-aceto  acetic  ester  with  ammonia 
directly  or  by  oxidation  of  the  dihydro  derivative  first  formed  with  N203  (Weber, 
Ann.  241,  31;  Knoevenagel,  Ann.  281,  94).  For  the  hydrazide  and  azide,  see 
Mohr  Ber.  33  1114. 

Trimethylquinolinic  acid,  C5(CH3)3N[2,3]  (COOH)2,  m.p.  195°  (dec.),  is 
formed  by  the  oxidation  of  2,3,4-trimethyl-5-oxo-5,7-dihydrofuro[3,4-6]pyridine 
(trimethylquinolide) ,  m.p.  152°,  which  is  obtained  from  the  condensation  product 
of  tetronic  acid  (p.  22)  with  mesityl  oxide: 

CH3C  •  N  (OH)— C  •  CH2v  _  h2o  CH3C— N=C  •  CH2x 

II  II  >0  — II  I  >0 

HC  •  C(CH3)2  •  C  •  CO  /  CH3C •  C(CH3) :  C •  CO  / 

2,3,4-  Trimethyl-5-oxo-5,7-dihydrofuro[3,4-fr]  pyridine 

The  trimethylquinolinic  acid  can  be  oxidized  further  to  dimethylpyridine -2,3,5- 
tricarboxylic  acid  and  4-methylpyridinetetracarboxylic  acid,  which  yield  various 
lower  carboxylic  acids  on  decarboxylation  (Wolff,  Ann.  322,  351). 

2,4,6-Trimethylpyridine-3,5-dicarboxylic  acid,  collidinedicarboxylic  acid,  is 
obtained  in  the  form  of  its  ester  from  the  synthetic  dihydrocollidinedicarboxylic 
acid  ester  (p.  198)  by  oxidation  with  N203  and  serves  as  starting  material  for  a 
series  of  higher  and  lower  pyridinecarboxylic  acids. 

(c)  Pyridinetricarboxylic  acids.  2,3,4-Pyridinetricarboxylic  acid,  carbo- 

cinchomeronic  acid,  C5H2N(COOH)3  +  1  H20,  m.p.  250°  (238°:  Eckert,  Loria, 
Mo.  38,  243),  is  formed  from  quinine,  cinchonine,  and  various  conversion  prod¬ 
ucts  of  these  alkaloids,  and  also  from  4-methylquinolinic  acid  (see  above)  by 
oxidation  with  KMn04.  For  the  esterification  of  this  acid,  see  Rint,  Mo.  18, 
223;  Kir  pal.  Mo.  26,  53.  2, 4, 6 -Pyridinetricarboxylic  acid,  m.p.  227°  (dec.), 

from  s-collidine  or  6-methyllutidinic  acid  (see  above)  (Voigt,  Ann.  228,  29). 

2.4.5- Pyridinetricarboxylic  acid,  berberonic  acid  (+2H20),  m.p.  243°,  from  the 
alkaloid  berberine  with  nitric  acid  (Mayer,  Mo.  13,  344).  2,3,6-Pyridinetri- 
carboxylic  acid  (+  2  H20),  dec.  130°  (Weiss,  Ber.  19,  1309;  Eckert,  Loria,  Mo. 
38,  243). 

(d)  Pyridinetetracarboxylic  Acids.  2,3,4,6-Pyridinetetracarboxylic  acid,  +  3 
H20,  m.p.  235°  (anhyd.),  is  prepared  from  2,4,6-trimethylnicotinic  acid  or  from 
2,6-dimethylcinchomeronic  acid  (p.  215)  by  oxidation  with  KMn04  (Michael, 
Ann.  225,  1.22;  Mumrn,  Huneke,  Ber.  51,  160).  For  the  2,3,5,6-tetracarboxylic 
acid  and  others,  see  Hantzsch,  Weiss,  Ber.  19,  284;  Weiss,  Ber.  19,  1309. 

(e)  Pyridinepentacarboxylic  acid,  C5N(COOH)6  +  2  H20,  dec.  220°,  is 
formed  by  oxidation  of  collidinedicarboxylic  acid. 

13.  HYDROXYPYRIDINECARBOXYLIC  ACIDS.  The  state¬ 
ments  made  concerning  the  constitution  of  the  hydroxypyridines 
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or  pyridones  on  p.  208  hold  also  for  the  hydroxypyridinecarboxylic 
acids.  The  latter  are  readily  obtained  from  the  corresponding  py- 
ronecarboxylic  acids  (p.  179)  with  ammonia,  as  well  as  by  various 
other  ring-synthetic  methods.  They  are  also  formed  by  the  action 
of  CO2  (at  180-200°  and  20  atm.)  on  the  sodium  salts  of  hydroxypyri- 
dines  ( T schitschibabin ,  Kirssanow ,  Ber.  57,  1161);  cf.  the  Kolbe- 
Schmitt  salicylic  acid  synthesis.  When  heated  they  generally  de¬ 
compose  into  C02  and  pyridones. 

(а)  Monohydroxypyridinecarboxylic  Acids . — 6 -Hydroxy pyridine  -3 -carboxylic 
acid,  G-hydroxynicotinic  acid ,  C5H4ON(COOH),  m.p.  303°,  is  prepared  from  1,2- 
pyrone-5-carboxylic  acid  ester  (p.  178)  with  ammonia,  from  hydroxyquinolinic 
acid  (see  below)  by  decarboxylation  and  from  the  sodium  salt  of  2-pyridol  by  treat¬ 
ment  with  C02  (T  schitschibabin,  Kirssanow ,  Ber.  57,  1161) .  2-Hydroxypyridine- 
3-carboxylic  acid,  2 -hydroxynicotinic  acid,  m.p.  255°  (dec.),  from  2-aminonico- 
tinic  acid  (p.  214)  and  by  various  other  methods  ( Philips ,  Ann.  288,  265; 
Weidel,  Georgievics,  Mo.  9,  145).  4-Hydroxypyridine -3 -carboxylic  acid,  4- 
hydroxynicotinic  acid,  m.p.  250°  (dec.),  from  4-aminonicotinic  acid  ( Kirpal , 
Mo.  23,  246).  4-Hydroxypyridine -2-carboxylic  acid,  4 -hydroxypicolinic  acid 
(+  H20),  m.p.  250°,  from  l,4-pyrone-2-carboxylic  acid  (p.  179)  with  NH3. 
6 -Hydroxypyridine -2, 3 -dicarboxylic  acid,  G -hydroxy quinolinic  acid,  C5H3ON- 
(COOH)2,  dec.  254°,  is  obtained  from  quinolinic  acid  by  fusion  with  KOH  or 
from  its  methyl  ether,  methoxyquinolinic  acid,  m.p.  140°,  which  is  formed  by  the 
oxidation  of  aminocarbostyril  methyl  ether  with  KMn04.  6-Hydroxylepidinic 
acid,  C5H2ON(CH3)(COOH)2,  from  dihydroxylepidine  ( Besthorn ,  Byvanck,  Ber. 
31,  802).  4-Hydroxypyridine -2,6 -dicarboxylic  acid,  hydroxydipicolinic  acid 
ammonchelidonic  acid,  chelidamic  acid,  from  chelidonic  acid  (p.  179)  with  NH3. 

2,4-Dimethyl-6-hydroxypyridine-3-carboxylic  acid,  pseudolutidostyrilcarboxylic 
acid,  C5(CH3)2H2ON(COOH),  is  produced  by  heating  /3-aminocrotonic  acid 
ester  hydrochloride  to  130°  ( Collie ,  J.  59,  172).  When  /3-anilinocrotonic  acid 
ester  is  heated,  N-phenyllutidonecarboxylic  acid,  2, 6-dimethyl-l -phenyl -4-oxo- 
l,4-dihydropyridine-3 -carboxylic  acid,  C5H(CH3)2(C6H5)ON(COOH),  and  2- 
methyl-4-quinolinol  (p.  239)  are  formed.  2,6-Lutidone-3,5-dicarboxylic  acid, 

2.6- dimethyl-4-hydroxypyridine-3,5-dicarboxylic  acid,  m.p.  267°,  is  prepared 
from  dimethylpyronedicarboxylic  acid  ester  (p.  150)  with  NH3;  with  PCh  it 
gives  4-chlorolutidinedicarboxylic  acid,  m.p.  224°,  which  reacts  with  NH3  at  130° 
to  form  4-aminolutidinedicarboxylic  acid  ( Marckwald ,  Ber.  27,  1323). 

(б)  Dihydroxypyridinecarboxylic  Acids . — 4,5-Dihydroxypicolinic  acid,  comen- 
amic  acid,  is  prepared  by  heating  5-hydroxypyrone-2-carboxylic  acid  (p.  180) 
with  NH3.  2,4-Dihydroxy-6-methylnicotinic  acid,  C5H3(CH3)02N(C00H) ,  is 
obtained  in  the  form  of  its  ester  by  condensation  of  equimolar  proportions  of 
malonic  ester  and  /3-aminocrotonic  acid  ester  in  the  presence  of  sodium  ethylate. 

2.6- Dihydroxynicotinic  acid,  m.p.  198°,  from  isaconitic  acid  ester,  (COOR)2CH-- 
CH:CHCOOR,  with  NH3,  is  converted  by  PC15  into  dichloronicotmic  acid,  m.p. 
144°  ( Guthzeit ,  Laska,  J.pr.  58,  433).  2,6-Dihydroxydinicotinic  acid,  C5H302N- 
(COOH)2,  has  been  obtained  in  the  form  of  its  ester  and  ether  from  dicyanogluta- 
conic  acid  ester,  COORC(CN) : CH -CH(CN)COOR,  and  from  6-ethoxy-l,2- 
pyrone -3, 5 -dicarboxylic  acid  ester  with  ammonia;  it  gives  dichlorodinicotinic 
acid  ester,  m.p.  76°  ( Errera ,  Ber.  31,  1241;  Gxitze.it,  Ber.  32,  779;  Ruhemann, 
Browning,  J.  73,  280;  Claisen,  Ann.  297,  87).  2,6-Dihydroxyisonicotinic  acid, 
citrazinic  acid,  by  warming  citramide,  CONH2C(OH)  (CH2CONH2)2,  with 
H2S04.  2,6-Dichloroisonicotinic  acid  reacts  with  aniline  to  give  2,6-dianilino- 
isonicotinic  acid  and  with  KSH  to  give  2,6-dimercaptoisonicotinic  acid,  C5H2N- 
(SH)2COOH,  m.p.  230°  ( Bittner ,  Ber.  35,  2933).  With  chloroform  and  alkali 
citrazinic  acid  forms  a  formyldihydroxypyridinecarboxylic  acid  (Sell,  J.  69,  1447) . 

2-Methyl-5,6-dihydroxyisonicotinic  acid,  from  chloroacetone,  oxaloacetic  ester, 
and  NH3. 

14.  Only  a  few  FATTY  ACIDS  SUBSTITUTED  BY  PYRIDYL  GROUPS 
are  known.  2,3,5-Trichloro-4-pyridineacetic  acid,  (C5Cl3HN)CH2COOH,  m.p. 
145°,  produced  by  the  condensation  of  tetrachloropyridine  and  sodium  malonic 
ester  to  trichloropyridinemalonic  ester  and  decarboxylation  of  the  latter,  is  con¬ 
verted  by  heat  to  methyltrichloropyridine  (Sell,  Dootsen,  J.  83,  396).  Because 
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of  their  relation  to  the  alkaloids,  several  pyridinelactic  acids  have  been  investi¬ 
gated:  a-picolinelactic  acid,  Cfi(CH3)H3N-C(OH)  (CH3)COOH,  is  obtained 
from  its  nitrile,  the  cyanhydrin  of  5-acetyl-2-picoline  (p.  212)  ( Knudsen ,  Ber.  28, 
1765).  -2 -Pyridinelactic  acid,  C5H4N-CH2CH(OH) -COOH,  m.p.  125°,  is 

prepared  from  its  orthochloride,  a-trichloromethyl-2-pyridineethanol,  C5H4N*- 
CH2CH(0H)CC13,  (p.  212),  with  soda.  When  the  latter  compound  is  treated 
with  alcoholic  KOH,  2-pyridineacrylic  acid,  CsHiN-CHiCIICOOH,  is  formed. 
This  acid  is  converted  by  reduction  to  pyridinepropionic  acid,  m.p.  141°,  by  bro¬ 
mine  to  pyridinedibromopropionic  acid,  and  by  hydrogen  bromide  to  /3-bromo-2- 
pyridinepropionic  acid,  C5H4N-CHBr-CH2COOH  [ Einhorn ,  Ann.  265,  221; 
Feist,  Arch.Pharm.  240  (1902),  178].  a-Methylene-2-picolineacetic  acid, 

C5(CH3)H3N-C(:CH2)COOH,  is  prepared  from  picolinebromopropionic  acid, 
the  product  of  the  reaction  of  PBr3  on  a-picolinelactic  acid.  2-,  3-  and  4-Pyridyl- 
formylacetic  esters,  (C5H4N)C0CH2C02C2H5,  are  formed  from  the  pyridine- 
carboxylic  acid  esters  with  acetic  ester  and  sodium  ethylate;  they  give  the 
characteristic  reactions  of  /3-oxocarboxylic  acid  esters  ( Pinner ,  Ber.  34,  4234). 

Hydropyridine  Derivatives 

Hydropyridines  are  prepared  by  reduction  of  pyridines  with  zinc 
and  hydrochloric  acid  or,  more  advantageously,  with  sodium  and 
boiling  alcohol,  also  by  electrolytic  [Marie,  Lejeune,  J.chim.phys. 
22  (1925),  59]  and  catalytic  reduction  ( Zelinsky ,  Borisoff,  Ber.  57, 
150;  Hamilton,  Adams,  Am.  50,  2260).  The  products  are  almost 
always  the  completely  hydrogenated  derivatives,  piperidines. 

( a )  DIHYDROPYRIDINES  are  synthesized  from  /S-dioxo  compounds  with 
aldehydes  and  NH3  (p.  198) ;  cf.  dihydrocollidinedicarboxylic  acid  ester,  dihydro- 
lutidinedicarboxylic  acid  ester  (from  formaldehyde,  acetoacetic  ester,  and  NH3) , 
dihydrodiacetyllutidine  (p.  213),  and  many  others.  1, 4 -Dihydro -3, 5 -diacetyl -s- 

/C(COCH3):C(CH3)v 

collidine,  CII3CH<f  >NH,  m.p.  152°,  is  obtained  from  ethyli- 

\C(COCH3):C(CH3K 

deneacetylacetone  with  amino  acetyl  actone.  The  partial  hydrogenation  of  pyri¬ 
dine  derivatives  to  dihydropyridines  can  be  accomplished  easily  only  with  car¬ 
boxylic  acid  esters  (with  aluminum  amalgam  in  undried  ether) .  The  dihydro 
products  thus  formed  are  sometimes  identical  to,  sometimes  isomeric  with  those 
prepared  by  ring-synthesis  ( Mumm ,  Beth ,  Ber.  54,  1592) .  These  reductions  also 
yield  1,4,1  ',4'-tetrahydro-4,4'-bipyridines,  such  as: 

CH3  cooc2h5  co2c2h5  ch3 

II  II 

/C - C^H  h/C - 

HN  C - C  NH 

\c=C//  \c - c/ 

II  II 

CHa  cooc2h5  co2c2h5  ch3 

These  compounds  are  derived  from  two  molecules  of  the  pyridine  derivative  by 
addition  of  two  hydrogen  atoms  (Mumm,  Beth,  Ber.  54,  1595).  1,1 '-Dialkyl- 

1,1 ',4,4 '-tetrahydro-4, 4 '-bipyridines  are  produced  by  reduction  of  N-alkyl- 
pyridinium  methyl  sulfates  with  sodium  amalgam  in  a  C02-atmosphere  (Mumm, 
Rodev,  Ludwig,  Ber.  57,  865;  Mumm,  Ludwig,  Ber.  59,  1605). 

These  dihydro  derivatives  are  usually  readily  oxidized  to  pyridines  with  N203 
or  dilute  nitric  acid.  The  dihydrolutidinedicarboxylic  acid  ester  is  transformed 
by  treatment  with  hydrochloric  acid  to  lutidinedicarboxylic  acid  ester  and  hexa- 
hydrolutidinedicarboxylic  acid  ester  (Knoevenagel,  Fuchs,  Ber.  35,  1788).  When 
boiled  with  alkali  the  dihydropyridines  decompose  with  evolution  of  ammonia; 
the  fission  products  partially  condense  to  carbocyclic  rings.  With  concentrated 
alkali  dihydrocollidinedicarboxylic  acid  ester  is  converted  first  to  the  monocar- 
boxylic  acid  ester  and  then  to  dihydrocollidine  (Knoevenagel,  Ritschhaupt,  Ber.  31, 
1025;  Cohnheim,  Ber.  31,  1033). 
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(b)  TETRAHYDROPYRIDINES,  PIPERIDEINES,  arc  formed,  together 
with  much  larger  yields  of  piperidines,  by  the  reduction  of  pyridines  with  sodium 
and  alcohol.  They  can  be  isolated  by  means  of  their  dibromides,  from  which  they 
are  regenerated  by  treatment  with  zinc  dust  and  sulfuric  acid.  The  bases  so  ob¬ 
tained  are  1,2,5,6-tetraliydropyridines.  They  can  be  reduced  to  piperidines  only 
with  strong  agents  such  as  HI  and  phosphorus.  With  acid  chlorides  and  aqueous 
sodium  hydroxide  they  form  N-acyl  derivatives  ( Koenigs ,  Bernhart,  Ber.  38, 
3042,3928;  Koenigs,  Ber.  40,  3199) .  On  the  other  hand,  the  1,2, 3, 4 -tetrahydro¬ 
pyridines ,  synthesized  from  the  unstable  5-amino  ketones  or  from  5-bromo  ketones 
with  ammonia  or  primary  amines  ( Lipp ,  Ann.  289,  173;  294,  135;  cf.  Laden- 
burg,  Ann.  304,  54;  Sachs,  Ber.  32,  61) : 

CH2-CH2kr  Nh,  CH2-CH2-NH 

I  - >  I  I 

CH2  •  CH2  •  COCH3  CH2  •  CH=C  •  CHS 

are  reduced  to  the  corresponding  piperidines  even  by  tin  and  hydrochloric  acid 
and  are  very  easily  decomposed,  e.g.,  by  treatment  with  benzoyl  chloride  and 
aqueous  NaOH,  to  derivatives  of  5 -amino  ketones.  N -Alkylated  and  N -arylated 

1.2.3.4- tetrahydropyridines  decompose  so  readily  that  some,  such  as  1 -phenyl- 

1. 2.3.4 - tetrahydropicoline,  are  stable  only  as  salts.  The  1,2,5,6-tetrahydro- 
and  1,2,3,4-tetrahydropyridines  resemble  the  1,4-  and  2,3 -dihydropyrroles  (p. 
47)  in  the  divergence  of  their  behavior. 

3-Ethyl-l,2,5,6-tetrahydropyridine,  b.p.  158°.  3-Ethyl -4-methyl-l, 2,5,6- 
tetrahydropyridine,  b.p.  177°,  and  2-methyl-5-ethyl-l,2,5,6-tetrahydropyridine, 
from  the  corresponding  pyridines  with  Na  and  alcohol. 

1,2,3,4-Tetrahydropicoline,  A 2-pipecoleine,  b.p.  132°,  is  reduced  by  tin  and 
hydrochloric  acid  to  pipecoline ;  it  is  decomposed  by  benzoyl  chloride  and  aqueous 
NaOH  to  N -benzoyl -5 -acetylbutylamine  and  by  nitrous  acid  to  y-acetylbutanol 
(Lipp,  Ann.  289,  173;  Gabriel,  Ber.  42,  1242).  2-Phenyl-l,2,3,4-tetrahydro- 
pyridine,  m.p.  about  18°,  b.p.  276°,  from  5-aminovalerophenone  (Vol.  Ill,  p. 
406)  ( Gabriel ,  Ber.  41,  2010).  2,3-Bimethyl-l,2,3,4-tetrahydropyridine,  b.p. 
155°.  1  -Methyl-1, 2, 3, 4 -tetrahydropicoline,  b.p.  146°,  is  converted  by  benzoyl 
chloride  and  aqueous  sodium  hydroxide  to  the  N-benzoyl  derivative,  and  by  hy- 
droxylamine  and  semicarbazide  to  the  oxime  and  semicarbazone  of  N -methyl -<5- 
acetylbutylamine.  This  tendency  of  the  1,2,3,4-tetrahydropyridine  ring  to  open 
explains  the  conversion  of  the  l-methyltetral^dropicoline  to  l-methyl-3-acetyl- 
piperidine  with  formaldehyde  (Lipp,  Widnmann,  Ber.  38,  2471) : 

CH2 — CH2— CH  CIi2  •  CH2  •  CH2  •  COCHj 

I  II  - >  I  - > 

CId2  •  N  (CH3)  •  c  •  CH3  CH2  •  NHCHa 

CH2—  CH2 — CH  •  COCH3  CH2— CH2 - CH  •  COCH3 

I  I  - >  I  I 

CH2  •  NHCHs  CH2OII  CHo  .  N  (CH3)  •  CII2 

2-n-Propyl-l,2,3,4d:etrahydropyridine  is  known  as  y-coniceine.  For  tetra- 
hydropyridine  from  piperidine  oxide  (p.  221),  see  Wolffenstein,  Ber.  25,  2782. 
An  isomeric  tetrahydropyridine  is  prepared  by  fusion  of  piperidinesulfonic  acid 
with  KOH  (Paal,  Hubaleck,  Ber.  34,  2761).  For  a  tetrahydropyridine  from  N- 
methylheptenylamine,  see  Wallach,  Ber.  38,  2803. 

The  N-alkyl  derivatives  of  pyridones  (p.  209)  and  pyridinediols  or  glutacon- 
imides  are  oxo  derivatives  of  di-  and  tetrahydropyridines .  They  have  been  described 
in  the  section  on  pyridols  (p.  209) . 

1.2.5.6- Tetrahydropyridine-3-carboxaldehydes  result  from  the  hydrolysis  of 
iminodipropionacetal  and  its  N-alkyl  derivatives  by  intramolecular  condensation 
of  the  iminodipropionaldehydes  first  formed  (Wohl,  Ber.  38,  4154;  40,  4679) : 

nh-ch2-ch2-cho  nh-ch2-c-cho 

I  - >  I  II 

CH2  •  CH2  •  CHO  CH2  •  CH2  •  CH 

1.2.5.6- Tetrahydropyridine-3-carboxaldehyde  exists  only  in  the  polymerized, 
amorphous  form;  hydrochloride,  m.p.  145°  (dec.);  N-benzoyl  derivative,  m.p. 
91°.  Its  oxime,  m.p.  145°,  loses  water  when  treated  with  SOCl2  to  give  the  3- 
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nitrile,  b.p.  48°  (0.2  mm.),  from  which  cincholoiponic  acid  (p.  224)  is  obtained 
by  the  addition  of  sodium  malonic  ester  and  subsequent  saponification.  1  -M  ethyl - 
l,2,5,6-tetrahydropyridine-3-carboxaldehyde,  b.p.  40-43°  (0.17  mm.),  with  an 
amine-like  odor.  1 -Methyl-1, 2, 5, 6-tetrahydropyridine-3-carbonitrile,  obtained 
through  the  oxime,  yields  the  alkaloid  arecaidine  (p.  331)  on  saponification. 
1 -Ethyl-1, 2, 5,6-tetrahydropyridine-3-carboxaldehyde,  b.p.  53°  (0.06  mm.). 

(c)  HEXAHYDROPYRIDINES,  PIPERIDINES.  Hexahydro- 

yCH2 - CH2\ 

pyridine,  piperidine,  pentamethylenimine,  CH2<f  yNH, 

XCH2— CH/ 

b.p.  106.2°  ( Vorlander ,  Ann.  345,  277),  is  a  liquid  of  characteristic 
odor.  It  is  soluble  in  water  and  alcohol.  It  occurs  bound  to  piperic 
acid  as  piperine  in  pepper;  it  is  freed  by  heating  piperine  with  alcoholic 
potash.  It  is  synthesized:  ( 1 )  by  heating  pentamethylenediamine 
hydrochloride  (cadaverine) ;  (#)  by  heating  e-chloro-  and  e-bromo- 

amylamine,  as  mentioned  previously;  and  ( 3 )  by  reduction  of  pyridine 
with  Na  and  alcohol  or  nickel  and  H2  (French  Pat.  621434,  1926),  or 
by  catalytic  reduction  of  pyridinium  chloride  with  platinum  oxide  and 
H2  in  absolute  ethyl  alcohol  solution  {Hamilton,  Adams ,  Am.  50, 
2260). 

Piperidine  is  dehydrogenated  to  pyridine  by  heating  with  sulfuric 
acid  at  300°  or,  better,  with  nitrobenzene  at  260°,  by  boiling  with 
silver  oxide,  silver  acetate  in  glacial  acetic  acid,  or  by  passing  its 
vapor  over  MnO  at  600°  ( Sabatier ,  Gernandez,  C.r.  185,  241). 

Since  the  discovery  of  their  property  of  accelerating  vulcanization 
[Ger.  Pat.  265221,  1912;  Spence,  J.Soc.Chem.Ind.  36  (1917),  118], 
piperidine  and  many  of  its  derivatives  have  been  used  in  the  rubber 
industry  (U.  S.  Pats.  1463794,  1923;  1650975,  1927;  Ger.  Pat. 

423101,  1920). 

Decomposition  of  Piperidine. — The  piperidine  ring  is  ruptured  in  the  following 

reactions : 

1 .  When  piperidine  is  heated  with  hydriodic  acid  at  300  °,  it  decomposes  into 
n -pentane  and  ammonia. 

2.  The  unsubstituted  piperidine  is  resistant  to  oxidizing  agents,  but  does  not 
possess  unlimited  stability.  Karrer  (Helv.  9,  886)  obtained  /3 -aminopropionic 
acid  from  piperidine  by  long  boiling  with  Cr03;  y -aminobutyric  acid  had  been 
produced  earlier  with  HN03.  For  the  oxidation  of  benzoylpiperidine  to  8 -amino- 
valeric  acid  with  KMn04,  see  below.  Piperidine  itself  is  attacked  by  permanganate 
even  in  the  cold,  with  lively  evolution  of  ammonia  ( DeUphine ,  C.r.  184,  206). 
For  the  products  of  oxidation  with  KMn04  in  acetone,  see  Goldschmidt ,  Voeth, 
Ann.  435,  265. 

When  benzoylpiperidine  (I)  is  oxidized  with  potassium  permanganate,  8- 
benzoylamino-n-valeric  acid  (II)  is  formed;  with  KOH  this  yields  5-amino-n- 
valeric  acid  (III)  or  homopiperidinic  acid  ( Schotten ,  Ber.  17,  2544).  1-Piperi- 
dinecarboxylic  acid  ethyl  ester,  piperidylurethan,  on  the  other  hand,  is  oxidized 
by  nitric  acid  to  carboxyethylaminobutyric  acid,  which  gives  7-aminobutyric  acid 
or  piperidinic  acid  with  KOH. 


CH. 


CH2-CH2v 

>N-COC6H5 


.CH2CH2NHCOCeH, 

\CH2-C02H 


•» 


(II) 

CH2- 


CH2CH2NH2 

CH2.C02H 

(III) 


CH2-CH2' 

(I) 


*  CH2- 
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3.  When  benzoylpiperidine  is  heated  with  PC15,  the  dichlorobcnzylpiperidine 
(I)  first  formed  opens  to  N-e-chloroamylbenzimide  chloride  (II),  which  de¬ 
composes  further  on  distillation  into  1,5-dichloropentane  (III)  and  benzonitrile 
( v .  Braun,  Ber.  37,  2915,  3210;  v.  Braun,  Sobecki,  Ber.  44,  1039) : 

/CH2-CH2v 


ch2<  '  2n>n-cci2c6h5 

xCH2-CH2/ 

(I) 


/CH2CH2N:CC1C6H5 
->  ch2< 

xCH2-CH2C1 

(II) 

/CH2-CH2C1 

— >  CH<  +NC-C*H6 

xCH2-CH2C1 

(III) 


4.  N-Alkyl-  and  N-arylpiperidines  are  split  by  cyanogen  bromide  to  N-alkyl- 
N-cyano-e-bromoamyl amines  (y.  Braun,  Ber.  40,  3914): 


/CH2— CH2v  Br.CN  /CH2 — CH2Br 

CH2<  >N-R  - >  CH2< 

xCH2— CH/  xCH2— CH2— N  (R)  CN 

The  ease  of  decomposition  depends  on  the  alkyl  group  attached  to  the  nitrogen 
(y.  Braun,  Ber.  42,  2035). 

With  methyl  iodide  piperidine  forms  dimethyl  piperidinium  iodide  (I),  which 
is  converted  to  the  hydroxide  (II)  by  moist  silver  oxide;  the  hydroxide  decom¬ 
poses  on  distillation  into  N,N -dimethyl -4-pentenylamine  (III)  (the  so-called 
des-base)  and  water.  The  N,N-dimethyl -4-pentenylamine  can  be  converted  into 
4-pentenyltrimethylammonium  hydroxide  (IV),  which  decomposes  when  dis¬ 
tilled  to  give  piperylene  or  1,3-pentadiene  ( Thiele ,  Ann.  319,  226)  (V),  trimethyl- 
amine,  and  water  ( Hofmann ,  Ladenburg,  Ber.  16,  2058;  y.  Braun,  Ber.  42, 
2532;  cf.  the  decomposition  of  the  pyrrolidines,  p.  48) : 
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(II) 

(III) 

(IV) 

(V) 

CH3CH3I 

CH3CH30H 

CH3CH3 

CH3CH3CH3 
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Piperidine  Derivatives. — As  an  imine  base,  piperidine  is  capable  of  forming  a 
nitroso  compound,  N-alkyl,  and  N-acyl  derivatives.  For  the  physiological  action 
of  piperidine  derivatives,  see  Wolffenstein,  Wolff enstein,  Ber.  34,  2408. 

Nitrosopiperidine,  C5H10NNO,  b.p.  218°,  from  piperidine  with  nitrous  acid, 
can  be  reduced  to  N-aminopiperidine,  C5H10N-NH2,  b.p.  146°,  which  yields  di- 
piperidyl  tetrazone,  (C5Hi0N)2N2,  m.p.  45°,  when  oxidized  [cf.  Angeli,  Castellana, 
Atti  accad.Lincei  14  (1905) ,  I,  272] .  For  the  electrolytic  decomposition  of  nitroso 
piperidine  and  its  homologues,  see  Ahrens,  Ber.  31,  2272;  Widera,  Ber.  31,  2276. 

1-Methylpiperidine,  C5Hi0NCH3,  b.p.  107°;  1-ethyl-,  1-propyl-,  and  1-iso- 
amylpiperidine,  b.p.  128°,  149°,  and  187°;  1-benzylpiperidine,  b.p.  245°  ( Auer¬ 
bach ,  Wolffenstein,  Ber.  32,  2507);  1 -allylpiperidine ,  b.p.  152°.  1-Phenylpiperi- 
dine,  b.p.  258°,  from  1,5-dibromopentane  and  aniline,  is  also  obtained,  rather 
surprisingly,  when  piperidine  is  heated  with  bromo-  or  iodobenzene  ( Lellmann , 
Geller,  Ber.  21,  1921;  Lellmann,  Biittner,  Ber.  23,  1388).  1-a-  and  /3-Naphthyl- 

piperidine,  b.p.  215°  (35  mm.)  and  m.p.  58°,  from  the  naphthols  with  piperidine 
{Roth,  Ber.  29,  1175). 

Hydrogen  peroxide  oxidizes  piperidine  to  piperidine  oxide,  C5H10NH:O  or 
C5H10N-OH,  m.p.  39°,  b.p.  110°  (55  mm.).  With  phenylisocyanate  this  gives 
an  O-phenylcarbamyl  derivative,  C5H10N  -OCONHCeHs,  but  with  alkylating 
agents  it  yields  N-alkylpiperidine  oxides,  which  can  also  be  obtained  directly  by 
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oxidation  of  N-alkylpiperidines  with  H202  and  which  correspond  to  the  dialkyl- 
aniline  oxides  (Vol.  Ill,  p.  83).  N-Methylpiperidine  oxide,  C6Hi0N(CH3)  :0; 
N-propylpiperidine  oxide,  m.p.  105°;  N-benzylpiperidine  oxide,  m.p.  148°. 
When  heated  with  acids  they  quickly  lose  oxygen,  regenerating  the  piperidines. 
When  heated  alone  the  N-alkylpiperidine  oxides  decompose  into  piperidine  oxide 
and  olefines  {Haase,  Wolffenstein,  Ber.  37,  3228). 

The  isomeric  bicyclic  ammonium  salts  are  formed  when  derivatives  such  as  1- 
/3 -chloroethyl-  and  l-y-bromopropylpiperidine  are  heated  ( Scholtz ,  Friemehlt, 
Ber.  32,  850;  Pechmann,  Hanke,  Ber.  34,  357;  Gabriel,  Colman,  Ber.  39,  2875; 
40,  424;  v.  Braun,  Ber.  39,  4347 ;  Albert,  Ber.  42,  545) : 


/CH2.CH2v  yCH2 
ch2<  >N<  I 

xch2-ch/  I  xch2 
Cl 


ch2. 


ch2-ch2. 

ch2.ch2- 


/CH2. 

N< 

I  XCH, 
Br 


CH2 


Similar  compounds,  which  are  significant  in  the  stereochemistry  of  nitrogen,  have 
been  obtained  from  s-dipiperidylethane,  C5H10N -GKhCHirNCsHu,,  m.p.  4°, 
b.p.  263°,  by  reaction  with  alkylene  dibromides  ( Aschan ,  Ber.  32,  988;  Scholtz, 
Ber.  35,  3047;  Loffler,  Ber.  37,  161) : 


yCH  (CII3)  •  CH2v 

c5h10n<  >nc6h10 

|  \CH2 - CH/  I 

Br  Br 


/CH2  •  CH2  •  CH2v 

c5h10n<  >nc5h10 

I  xCH2 - CH/  I 

Br  Br 


The  product  from  dipiperidylethane  and  1,3-dibromopropane  and  that  from  1,3- 
dipiperidylpropane  and  s-dibromoethane  are  inactive  stereoisomers  {cf.  Scholtz, 
Ber.  44,  480) : 

N-Piperidineacetaldehyde,  CsHjoN -CH2CHO,  m.p.  103°  {Stoermer,  Ber.  31, 
2541).  N-Piperidineacetone,  C5Hi0N.CH2COCH3  [van  Ark,  Arch.Pharm.  238 
(1900),  330].  For  N-piperidineacetic  acid  and  homologues,  see  Bischoff,  Ber. 
31,  2839;  Wedekind,  Ber.  32,  722. 

N-Acetylpiperidine,  C5Hi0NCOCH3,  b.p.  226°.  N-Benzoylpiperidine ,  C5H10- 
NCOCeHs,  m.p.  48°,  prepared  by  heating  piperidine  with  benzoyl  chloride  in  dry 
benzene,  condenses  with  benzaldehyde  when  heated  to  form  dibenzylpyridine  (p. 
205).  N-Piperidinecarboxylic  acid  ethyl  ester,  piperidylurethan,  C5H10NCOO- 
C2H5,  b.p.  211°  {cf .  Cazeneuve,  Moreau,  C.r.  125,  1107).  The  piperidine  rings  of 
N-benzoylpiperidine  and  N-carbethoxypiperidine  are  broken  when  these  com¬ 
pounds  are  heated  (see  p.  221).  N-Piperidinecarboxamide,  piper idylurea, 
C5H10NCONH2,  m.p.  93°  (de  la  Roche,  Bull.  31,  21).  The  piperidide  of  piperic 
acid  is  the  alkaloid  piperine  (p.  332). 

The  homologous  piperidines  are  prepared  by  reduction  of  the  homologous  pyri- 
dines  with  sodium  and  alcohol  or  of  the  1,2,3,4-tetraliydropyridines  with  tin  and 
hydrochloric  acid  (p.  219)  or  by  synthetic  methods  {Gunther,  Ber.  31,  2134). 
They  are:  the  pipecolines,  C5H9(CH3)NH;  lupetidines,  C5H8(CH3)2NH; 
copellidines,  C6H8(CH3) (C2H6)NH;  etc.  {cf.  Levy,  Wolffenstein,  Ber.  28,  2270). 

The  C -alkylpiperidines  contain  asymmetric  C -atoms.  Several  of  these  bases 
have  been  separated  by  means  of  their  bitartrates  into  optically  active  components; 
these  include  2-pipecoline  {Marckwald,  Ber.  29,  43;  Ladenburg ,  Ber.  29,  422), 
the  copellidine,  b.p.  163°,  obtained  from  2-methyl-5-ethylpyridine  (p.  205) 
{Levy,  Wolffenstein,  Ber.  29,  1959),  3-propylpiperidine,  b.p.  174°,  isomeric  with 
coniine,  which  is  synthesized  from  e-chloro-/3 -propyl  amyl  amine  {Granger,  Ber. 
30,  1060),  2-ethylpiperidine,  b.p.  143°  {Frese,  Ber.  33,  3483;  Lipp,  Ber.  33, 
3513),  and  3-ethylpiperidine,  b.p.  155°  {Gunther,  Ber.  31,  2141).  There  is  a 
remarkable  increase  in  optical  activity  when  alkyl  groups  are  substituted  on  the 
nitrogen  atom  in  3-alkylpiperidines  {Hohenemser,  Wolffenstein,  Ber.  32,  2520; 
34,  2420) .  2,6-Dimethylpiperidine,  lupetidine,  is  obtained  in  a  racemic  form  (b.p. 
133°),  which  can  be  resolved,  and  a  meso  form  (b.p.  128°)  {Hohenemser,  Wolff¬ 
enstein,  Ber.  32,  2520;  Marcuse,  Wolffenstein,  Ber.  34,  2426).  Similar  modifica¬ 
tions  are  given  by  2,6-diphenylpiperidine,  racemic  form,  liquid,  meso  form,  m.p. 
71°,  while  2-phenyl-6-methylpiperidine  is  formed  in  two  stereoisomeric  modifica¬ 
tions,  which  are  optically  resolvable  {Scholtz,  Muller,  Ber.  33,  2842;  Scholtz,  Ber. 
34,  1616).  2,2,6,6-Tetramethylpiperidine,  b.p.  156°  (see  Franchimont,  Fried¬ 
mann,  Rec.  24,  404).  Another  interesting  compound  is  the  3 -ethyl -4 -methyl- 
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piperidine,  since  it  is  closely  related  to  the  degradation  products  of  the  quinu- 
clidine  half  of  quinine  (p.  354). 

Oxo  Derivatives  of  the  Piperidine  Series. — 8 -Lactams  are  2-oxopiperidines  or  2- 
piperidones.  2-Piperidone,  b.p.  65°  (0.4  mm.)  ( Goldschmidt ,  Voeth ,  Ann.  435, 
265). 

The  products  of  the  reactions  of  phorone  with  ammonia  and  of  diacetoneamine 
with  acetaldehyde  and  with  benzaldehyde  are  derivatives  of  4-piperidone  ( cf . 
Pauly,  Ber.  32,  2244) : 


/CH2— C(CH3V 
CO<  >NH 

XCH2— C(CH3)/ 

2,2,6, 6-T  etramethyl-4-piperidone 
( Triacetoneamine ) 


/CH2— CH(CH3)v 
CO<  >NH 

xCIi2— C(CH3)2  / 

2,2,6-Trimethyl-4-piperidone 
( V  inyldiacetoneamine ) 


/CH2— CH(C6H5)> 

CO<  NH 


XCH2— C(CH3)5 
2,2-Dimethyl-6-phenyl-4-piperidone 
{B  enzaldiacetoneamine ) 


2,2,Q,Q-TetramcthylA-piperidone  is  of  interest  because  of  the  similarity  of  its 
structure  with  tropine  and  tropinone  (I) : 


/CH(CH2)-CH2v 
CH3N<  |  >CO  (I) 

xCH(CH2)-CH/ 

4^(CH3)2C02H 

(see  atropine) .  It  yields  an  acid,  NH<^  ,  on  oxidation,  which 

xC(CH3)2CH2C02H 

is  analogous  to  the  oxidation  of  tropinone  to  tropinic  acid  ( Heintz ,  Ann.  198,  74) . 
It  reduces  to  tetramethylhydroxypiperidine,  triacetonealkamine,  C5H6(CH3)4- 
(OH)N,  which  is  converted  to  a  tetrahydropyridine,  triacetonine,  by  elimination 
of  water.  The  tetramethylpiperidone  reacts  with  bromine  to  form  a  dibromo 
derivative,  which  gives  tetramethylpyrroline carboxylic  acid  amide  (p.  48)  with 
ammonia  {Pauly,  Boehm,  Ber.  33,  919).  With  mercaptans  the  tetramethyl¬ 
piperidone  forms  4-alkylthio-2,2,6,6-tetramethylpiperidines,  such  as  C5H6(CH3)4- 
(SC2H5)N.  2,2,6 -TrimethylA-piperidone,  on  the  other  hand,  gives  normal  mer- 
captoles  with  mercaptans;  these  can  be  oxidized  to  sulfonals  {Pauly,  Ber.  31, 
3145).  When  4-isonitroso-2,2,6-trimethylpiperidine,  m.p.  151°,  is  reduced,  two 
stereoisomeric  4-aminotrimethylpiperidines,  C5H7(CH3)3(NH2)N,  are  obtained: 
a-,  m.p.  26°,  b.p.  85°  (22  mm.);  (3 -,  oil,  b.p.  83°  (22  mm.);  with  nitrous  acid 
they  give  two  stereoisomeric  trimethyl-4-piperidinols,  C5H7(CH3)3(OH)N,  m.p. 
137°  and  161  °,  of  which  the  latter  is  rearranged  to  the  former  by  sodium  amylate. 
The  mandelic  acid  esters  of  the  corresponding  tetramethyl-4-piperidinols: 


/CH(CH3)— CH2x 

CH3N<  >CHO  •  COCH(OIi)C6H5 

XC(CH3)2 - CH/ 

differ  in  their  physiological  properties,  that  from  the  stable  isomer  (oil)  being 
ineffective  while  that  from  the  labile  isomer,  m.p.  113°,  is  used  as  a  mydriatic 
under  the  name  euphthalmine . 

C-Piperidinesulfonic  acid,  (C5H10N)SO3H,  m.p.  188°,  from  piporidine  and 
amidosulfonic  acid  at  180°  {Paal,  Hubaleck,  Ber.  34,  2757). 

Reduction  of  pyridine  alcohols  (p.  211)  with  Na  and  alcohol  gives  piperidine 
alcohols.  2-Piperidineethanol,  C5H10N[2]CH2CBhOH,  m.p.  39°,  b.p.  234°, 
from  2-pyridineethanol  {picoline  alkine,  p.  212),  is  oxidized  by  Cr03  to  2-pi- 
peridineacetic  acid,  C5Hi0N[2]CH2COOH,  m.p.  214°  {Koenigs,  Happe,  Ber.  36, 
2905).  1-M ethyl -2-piperidineethanol  is  converted  to  1 -methyl -2 -vinylpiperi- 

dine,  b.p.  60°  (12  mm.),  by  heating  with  hydrochloric  acid  {Heidrich,  Ber.  34, 
1889) . 

a-Methyl -2-piperidineethanol,  C5H10N[2]CH2CH(OH)CH3,  m.p.  57°,  b.p. 
226-229°,  loses  water  when  treated  with  P0O5,  yielding  two  stereoisomeric  2- 
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propenylpiperidmes,  C5Hi0N[2]CH:CHCH3,  m.p.  18°,  b.p.  169°,  and  m.p.  15°, 
b.p.  167°,  which  can  be  resolved  into  optically  active  components  by  means  of 
bitartrate  (Loffler,  Friedrich,  Ber.  42,  107).  a-Ethyl-2-piperidineethanol,  C5Hi0- 
N[2]CH2CH(OH)C2H5,  m.p.  55°,  b.p.  127°  (15  mm.)  .  The  iodides  obtained 
from  the  2-piperidine  alcohols  with  HI  undergo  an  intramolecular  alkylation  when 
treated  with  alkali,  forming  bicyclic  tertiary  bases  (I)  which  are  called  conidines 
(Loffler,  Plocker,  Ber.  40,  1310;  Loffler,  Remmler ,  Ber.  43,  2048).  Similarly, 
the  iodide  (hydriodide,  m.p.  191°)  from  4-piperidineethanol,  C5Hi0N[4]CH2- 
CH2OH,  b.p.  141°  (14  mm.),  yields  the  bicyclic  quinuclidine  (II),  m.p.  158°, 
which  is  significant  because  of  its  relation  to  the  cinchona  alkaloids  (p.  351) 
(Meisenheimer,  Ann.  420,  190).  3-Ethylquinuclidine,  b.p.  191°,  from 


(I) 

CH2.CH2*CH-CH2 

I  I  I 

CHs-CH2.N — CH-R 


(HI) 

ch2-ch2-ch-ch2 

I  I 

CH2.CH2-N— ch2 


ch2 


(II) 

/CH2-CH2v 

chmmr.chAn 

\CH2.CH2/ 


(IV) 

CH2-CH2-CH.CH2v 
I  I  >CH2 

CH2-CH2-N - CCK 


3-ethyl-4-piperidineethanol,  C5H9N[3]C2H5[4]CH2CH2OH,  whose  active  form  is 
obtained  by  reduction  of  cincholoiponic  acid  ester  (p.  225)  with  Na  and  alcohol 
(Koenigs,  Bernhart,  Ber.  38,  3049).  a-Ethyl-2-piperidinemethanol,  C5Hi0N- 
[2]CH(OH)C2H5,  m.p.  99°,  is  the  inactive  form  of  conhydrine  (p.  334);  it  is 
prepared  by  reduction  of  2-propionylpyridine  with  sodium  and  amyl  alcohol  and 
is  converted  by  further  reduction  into  (d  +  l )  coniine  (p.  332).  2-Piperidine- 
propanol,  C5H10N[2]CH2CH2CH2OH,  b.p.  248°,  is  produced  by  reduction  of  2- 
pyridineacrylic  acid  ester  (p.  218)  with  Na  and  alcohol.  With  dehydrating  agents 
such  as  concentrated  H2S04  or  P205  it  yields  a  little  2-allylpiperidine,  C5H10N- 
[2] CH2CH:CH2,  b.p.  171°,  and  much  piperolidine,  octahydropyrrocoline  (III), 
b.p.  161°.  The  latter  compound  also  results  from  the  reduction  of  piperolidone 
(IV),  b.p.  126°  (12  mm.),  the  lactam  of  2-piperidinepropionic  acid,  C5Hi0N- 
[2]CH2CH2COOH,  m.p.  148°,  which  is  obtained  by  reduction  of  2-pyridine- 
acrylic  acid  (Loffler,  Kaim,  Ber.  42,  94;  Loffler,  Flugel,  Ber.  42,  3420). 

3-Piperidinecarboxaldehydes  are  prepared  from  the  tetrahydropyridinecarbox- 
aldehydes  (p.  219)  by  conversion  into  4-chloropiperidinecarboxaldehyde  acetals 
with  alcohol  and  hydrochloric  acid  followed  by  treatment  with  sodium  and  alcohol. 
3-Piperidinecarboxaldehyde  itself,  (C5H10N  -CHO)2,  is  known  only  in  bimolecular 
form;  diethyl  acetal,  b.p.  55°  (0.15  mm.)  (Wohl,  Losanitsch,  Ber.  40,  4695). 
l-Ethylpiperidine-3-carboxaldehyde,  b.p.  44°  (0.2  mm.),  polymerizes  even  more 
readily  (Wohl,  Losanitsch,  Ber.  38,  4170). 

Pelletierine,  one  of  the  alkaloids  of  the  pomegranate  tree  (p.  335)  has  been 
identified  as  /3-2 -piperidinepropionaldehyde  (Hess,  Eichel,  Ber.  50,  1192). 

2fi-Diphenacyl-l-methylpiperidine  occurs  as  lobelanine,  C22H2502,  an  alkaloid 
closely  related  to  the  lobeline  (p.  335)  of  the  lobelia  plant  (Wieland,  Dragendorff, 
Ann.  473,  83 ;  see  under  alkaloids) . 

Piperidinecarboxylic  acids  are  obtained  by  reduction  of  pyridinecarboxylic  acids 
with  sodium  and  alcohol.  Pipecolinic  acid,  C5H10N(COOH),  m.p.  261°,  has  been 
resolved  into  d-  and  Z-pipecolinic  acid,  m.p.  270°,  by  means  of  the  bitartrate 
(Mende,  Ber.  29,  2887) ;  the  Z-acid  is  also  formed  by  the  oxidation  of  conhydrine 
(W illstatter ,  Ber.  34,  3166).  Hexahydroquinolinic  acid,  C5H9N(COOH)2,  is 
similarly  prepared  from  the  hydrophthalic  acids  in  two  stereoisomeric  modifica¬ 
tions,  m.p.  227°  and  253°,  each  of  which  can  be  resolved  into  two  optically  active 
forms  (cf.  Besthorn,  Ber.  29,  2665).  Hexahydrocinchomeionic  acid,  inactive 
loiponic  acid,  m.p.  256°  (dec.),  ( Koenigs ,  Wolff,  Ber.  29,  2187),  results  from  fur¬ 
ther  oxidation  and  deactivation  of  cincholoiponic  acid,  a  decomposition  product 
of  cinchonine  (p.  351).  The  methyl  iodide  addition  product  of  N-methylhexa- 
hydrocinchomeronic  acid  reacts  to  alkali  somewhat  differently  than  N,N-di- 
methylpiperidinium  iodide  (p.  221) :  it  forms  a  dimethylaminocyelopentanedicar- 
boxylic  acid  (Skraup,  Piccoli,  Mo.  23,  269) : 
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/CH2.CH(C02II)v 

I(CH3)2N<  >chco2h 

xch2 - CH/ 


KOH 

- 


(CH3)2N  •  CH  •  CH  (C02H)v 

|  >CHC02H 

CH2 - CH/ 


The  homologous  cincholoiponic  acid,  S-carboxyA-'piperidineacetic  acid,  m.p.  222° 
(anhydrous),  is  prepared  similarly;  it  is  an  important  decomposition  product  of 
the  cinchona  alkaloids,  and  is  converted  by  further  oxidation  to  loiponic  acid. 
It  has  been  synthesizd  by  Wohl  ( Wohl ,  Losanitsch,  Ber.  40,  4698;  Wohl,  Maag, 
Ber.  42,  627).  The  synthesis  starts  from  l,2,5,6-tetrahydropyridine-3-carbox- 
aldehyde  (I)  (p.  219),  produced  by  hydrolysis  of  iminodipropionaldehyde  acetal; 
its  oxime  is  converted  by  SOCl2  to  tetrahydropyridine-3 -nitrile  (II).  The  ester 
nitrile  (III)  obtained  from  this  nitrile  by  addition  of  sodium  malonic  ester  yields 
on  saponification  with  barium  hydroxide  solution  rac-cincholoiponic  acid  (IV) 
in  two  stereoisomeric  forms;  the  higher-melting  modification,  when  resolved  by 
means  of  brucine,  gives  a  d-cincholoiponic  acid  identical  with  a  decomposition 
product  of  the  cinchona  alkaloids: 


(I) 

CH2 — CH 


CH2  CCHO 

I  I 

NH— CII2 


(II) 

CH2— CH 

!  II 

ch2  c  cn  - » 

I  I 

NH— CH2 


y 


(HI) 

CH2— CH-CH(C02R)2 


ch2  chcn 
I  I 

NH— CH2 


(IV) 

cii2— ch-ch2co2h 


ch2  ch-co2h 

I  I 

NH— CH2 


\ 

The  methyl  iodide  addition  product  of  cincholoiponic  acid  is  rearranged  by 
alkali  in  a  manner  similar  to  the  hexahydrocinchomeronic  acid,  dimethylamino- 
carboxycyclopropaneacetic  acid  being  formed  ( Skraup ,  Mo.  21,  879) : 


I  (CH,)2N — CH2 — CH  •  C02R 

I  I 

CH2.CH2.CH.CH2C02R 


->  (CH3)2N — CH 


ch2— ch-co2h 
I 

ch2— ch-ch2co2h 


2, 6 -Piperidine dicarboxylic  acid,  from  dibromopimelic  acid  with  ammonia 
( Fischer ,  Ber.  34,  2543) . 

Eucaine,  l,2,2,6,6-pentamethyl-4-benzoyloxypiperidine-4-carboxylic  acid  ester : 

/C(CH3)2— CH2v  /OCOC6Hb 

(CH,)N<  >C< 

xC(CH3)2— ch/  \cooch3 

has  been  recommended  as  an  anesthetic  to  substitute  for  cocaine  ( Merling ,  Ber. 
6,  173;  Parsons,  Am.  23,  885). 

A  large  number  of  4-piperidone-3,5-dicarboxylic  acid  esters  have  been  pre¬ 
pared  by  condensation  of  /3-ketoglutaric  acid  ester  with  aldehydes  and  NH3  or 
primary  amines  ( Petrenko -Kritschenko ,  J.pr.  85,  1) : 


ro2c  •  CH2— CO— CII2  •  co2r 

4* 

R •  CH : O  NH,  0:CHR 


R02C  •  CH  —CO — CH  •  C02R 

I  I 

RCH— NH— CH-R 


Other  piperidine  derivatives  which  are  alkaloids  or  decomposition 
products  of  alkaloids,  such  as  coniine  or  2-propylpiperidine,  tropine, 
and  ecgonine,  are  treated  in  the  section  on  alkaloids. 
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(b)  Quinoline  Group 

The  bases  of  the  quinoline  or  2,3-benzopyridine  group  occur  to¬ 
gether  with  those  of  the  pyridine  group  in  bone  oil  and  coal  tar. 
They  are  also  obtained  from  various  alkaloids  by  distillation  with 
potassium  hydroxide;  quinoline  was  first  prepared  by  Gerhardt  in 
1842  in  this  way  from  the  alkaloid  cinchonine. 

Its  manner  of  synthesis,  mode  of  reaction  and  number  of  isometric 
derivatives  indicate  that  quinoline  has  the  following  formula,  which 
is  similar  to  that  of  naphthalene  except  for  the  replacement  of  an  a- 
GEI  group  by  N : 


[7] 

[6] 


[8]  [1] 

[«] 


[3] 

[5]  [4) 


(ana)  [y] 

(For  the  arrangement  of  the  double  bonds,  see  Auwers,  Z.physikal.Chem.  116, 
438.) 

Substituents  in  the  pyridine  ring,  which  were  designated  a.,  /3,  y  in  the  old  no¬ 
menclature,  are  now  numbered  2, 3,  and  4,  respectively,  N  being  considered  posi¬ 
tion  1;  the  numbers  5,  6,  7,  and  8  indicate  substituents  in  the  benzene  ring. 
The  older  method  used  the  symbols  o,  m,  and  p  for  substituents  in  the  8,  7,  and 
6  positions,  respectively.  Substituents  in  the  benzene  ring  were  often  indicated 
by  the  symbol  Bz,  and  those  in  the  pyridine  ring  by  By. 

The  constitution  of  quinoline  was  first  disclosed  by  its  synthesis  by  Konigs 
from  allylaniline  over  lead  oxide  heated  to  redness  (this  is  analogous  to  the 
formation  of  naphthalene  from  phenylbutylene) : 


CH2=CH  /CH=CH 

C6H5x  |  - »  C6H4<  I 

XNH— CH2  xN=CH 


A  more  direct  proof  of  its  constitution  is  offered  by  its  preparation  from  hydro- 
carbostyril  (p.  245) ;  the  latter  is  treated  with  PCI5  to  give  a  dichloride  which  is 
reduced  with  hydriodic  acid  ( Baeyer ,  Ber.  12,  1320) : 


/CH2— ch2 
c6h4<  I 

XNH— CO 


/CH=CC1 
■»  C6H4<  I 

XN=CC1 


->  C6H4. 


CH=CFI 

N=CH 


Methods  of  Formation  of  Quinoline  Derivatives. — ( 1 )  Condensation 
of  o-amino  compounds  of  benzene  derivatives  which  have  an  oxygen 

atom  attached  to  the  third  carbon  atom  of  a  side  chain. 

% 

For  example,  quinoline  is  formed  from  o-aminocinnamaldehyde, 


c6h4. 


ni-i2 

CH:CH-CHO 


2-methylquinoline  from  o-aminostyryl  methyl  ketone,  and  2 -hydroxy quinoline 
(carbostyril)  from  o-aminocinnamic  acid. 

(2)  Condensation  of  o-aminobenzaldehyde  or  o-aminobenzyl  ke¬ 
tones  with  compounds  containing  the  grouping  — CH2CO — ,  such  as 
aldehydes,  ketones,  acetoacetic  esters,  and  malonic  acid  esters  in  the 
presence  of  sodium  hydroxide  ( Friedlander ,  Ber.  16,  1833;  25,  1752): 
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/CHO  CH3  /CH=CH 

c6h4<  +  |  - >  c6h4<  I 

XNH2  CO-CHs  xN=CCH3 

The  o-amino  compounds  used  as  starting  materials  in  method  1  are 
formed  as  an  intermediate  stage  in  this  synthesis. 

In  this  way  cinchoninic  acid  and  derivatives  of  it  are  formed  from  isatinic  acid 
and  aldehydes  ( Pfitzinger ,  J.pr.  66,  263),  4-quinolinols  from  anthranilic  acid 
and  aldehydes  or  ketones,  and  2-quinolinols  from  o-acylaminoacetophenones, 

.co-ch3 

such  as  CeH4<f  [Camps,  Ber.  32,  3228;  Arch.Pharm.  237  (1900), 

NnH-CO-CH3 

426]. 

The  synthesis  of  quinoline  from  o-toluidine  and  glyoxal  and  that  of  3 -hydroxy  - 
quinaldine  from  o-toluidine  and  pyruvic  acid  are  similar  [Pulvermacher ,  Ber.  27, 
628;  Kulisch,  Mo.  16,  351). 

(3)  The  Skraup  synthesis.  Quinoline  and  its  derivatives  substi¬ 
tuted  in  the  benzene  nucleus  are  prepared  from  aniline  and  other  pri¬ 
mary  aromatic  amines  by  heating  with  glycerol  and  sulfuric  acid  at 
140°  in  the  presence  of  nitrobenzene  or  arsenic  acid  as  an  oxidizing 
agent  ( Knueppel ,  Ber.  29,  703) : 

C6H5NH2  +  C3H803  - >  C9H7N  +  3  H20  +  2  H 

Quinoline 

Probably  acrolein  is  first  formed  from  the  glycerol;  this  reacts  with  aniline  to 
give  the  anil  of  jS-anilinopropionaldehyde,  which  splits  off  aniline  and  two  hydro¬ 
gen  atoms  to  yield  quinoline  ( Blaise ,  Marie,  Bull.  [4]  3,  667) : 


C6H6N :  CH — CH2  _c6h5nh2  /CH=CH 

I  — — >  C6H4<  I 

c6h5nh— ch2  -h*  \n=CH 


This  interpretation  of  the  course  of  the  reaction  is  confirmed  experimentally  by 
the  immediate  conversion  of  the  anil  of  d-anilinoacrolein  (from  2-propynylacetal 
and  aniline:  Claisen,  Ber.  36,  3667)  into  quinoline  on  fusion  with  zinc  chloride 
( Konig ,  Ber.  56,  1853). 

Halogen,  nitro,  hydroxy,  and  methyl  derivatives  of  aniline  react  in  the  same 
way  as  aniline.  Diaminobenzenes  give  phenanthrolines  (p.  265)  and  naphthyl- 
amines,  naphthoquinolines  (p.  248).  Instead  of  a  mixture  of  aromatic  amine 
with  nitrobenzene,  the  corresponding  nitro  compound  can  be  used  alone;  this  is 
partially  reduced  to  the  amine  by  the  hydrogen  released  in  the  reaction .  The  first 
synthesis  of  this  type  was  the  preparation  of  alizarin  blue  (p.  248)  from  nitro- 
alizarin  (Vol.  Ill,  p.  663),  glycerol,  and  sulfuric  acid  ( Graebe ,  Ann.  201,  333). 
Phenylhydroxylamine  can  be  used  in  place  of  aniline  in  the  Skraup  synthesis 
( Bamberger ,  Weetnauer,  Ber.  55,  3376). 

(4)  The  following  methods  can  be  considered  as  modifications  of 
the  Skraup  synthesis: 

(a)  The  quinaldine  synthesis  of  Dobner  and  Miller. — Quinolines 
substituted  in  the  benzene  or  in  the  pyridine  ring  are  obtained  by 
condensation  of  anilines  with  aldehydes  in  the  presence  of  sulfuric  or 
hydrochloric  acid.  Quinaldine  (2-methylquinoline)  is  formed  from 
aniline  and  acetaldehyde : 

C6H5NH2  -I-  2  CHsCHO  - »  C9H6N(CH3)  +  2  H20  +  2  H 

Quinaldine 

Any  aldehyde  of  the  formula  RCH2CHO  can  be  used  in  the  reac¬ 
tion.  It  condenses  with  itself  to  give  the  unsaturated  aldehyde, 
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R-CH2-CH:CR-CHO,  which  reacts  with  the  aniline  to  form  2-alkyl- 
quinolines. 

Apparently  the  alkenyl  aniline  first  formed  is  converted  into  an  aldol-like  di- 
molecular  condensation  product,  which  loses  aniline  to  give  quinaldine  ( Bischler , 
Ber.  25,  2864;  v.  Miller,  Pldchl,  Ber.  29,  59) : 


2  CH3CH:NC6H5 


C6H5N :  CH-CH2  _  c6hbnh2  /CH=CH 

|  - — -  C6H4<  I 

C6H5NH— CHCH3  “h’  xN=C-CH, 


The  hydrogen  evolved  in  the  reaction  sometimes  causes  a  partial  reduction  of 
the  reaction  product  to  a  tetrahydroquinoline  derivative  (p.  244). 

( b )  A  mixture  of  two  aldehydes  or  of  an  aldehyde  and  a  ketone  can  be  used 
in  place  of  one  aldehyde.  The  product  is  a  2,4-di-  or  a  2,3,4-trialkylquinoline 
{Beyer,  Ber.  20,  1908) .  For  example: 


C6H6x 


CH, 

I 

+  co-ch, 

NH2  +  OCI1-CH, 


CH, 

! 

C=CH 

->  c6h4<  I 

\n=cch, 


(c)  A  mixture  of  an  aldehyde  with  pyruvic  acid  condenses  with  aniline  to  give 
a  2 -alkylcinchoninic  acid  ( 2 -alkvlquinoline -4 -carboxylic  acid)  (p.  241)  ( Dobner , 
Fettback,  Ann.  281,  1 ;  Borsche,  Ber.  42,  4072;  for  the  course  of  the  reaction,  see 
Bodforss,  Ann.  455,  41) : 


C6H6 


COOH 

I 

+  CO-CH, 
NnTH2  +  CHO-R 


c6h/ 

v 


COOH 

I 

C=CH 

I 

N=C-R 


This  reaction  runs  so  smoothly,  particularly  when  /3-naphthylamine  is  used  in 
place  of  aniline,  that  the  formation  of  a  naphthocinchoninic  acid  may  be  used  for 
the  detection  of  aldehydes  or  of  pyruvic  acid  (Vol.  I,  p.  463)  in  mixtures.  Pyruvic 
acid  alone  also  condenses  with  aniline,  since  part  of  it  is  first  converted  into  alde¬ 
hyde;  the  products  are  2-methylcinchoninic  acid  (aniluvitoninicacid)  andphenyl- 
lutidone. 

(d)  /3-Chloroet.hyl  ketones,  such  as  CH2CICH2COCH3,  when  heated  with 
aniline  and  aniline  hydrochloride  in  the  presence  of  alcohol  yield  4-alkylquino- 
lines.  /?-Anilinoethyl  ketones  are  formed  as  intermediate  products  and  condense 
in  this  way  {Blaise,  Maire,  Bull.  [4]  3,  667) : 

✓H  RCO-CH2  /C(R):CH 

C6H4<  I  - >  C6H4<  1 

XNH - CH2  \N=CH 


(e)  /3-Diketones  with  anilines  and  dehydrating  agents  form  quinolines  {cf. 
Billow,  Issler,  Ber.  36,  2448;  36,  4013;  Roberts,  Turner,  J.  1927,  1832): 


/H  CH3CO-CH2 
i\  +  I 

XNH2  CO-CH, 


/C(CHj)  :CH 
C6II4<  I 

XN=CCII, 


o,p-Directing  substituents  in  the  meta  position  to  the  N  favor  the  ring  closure 
but  in  the  para  position  hinder  it  {Roberts,  Turner,  J.  1927,  1832). 

(5)  Hydroxyquinoline  derivatives  are  obtained  by  ring  closure  of 
aniline  derivatives  of  /?- ketonic  acids  and  /3-dicarboxylic  acids: 

(a)  Acetoacetanilide  (from  aniline  and  acetoacetic  ester  at  110°) 
is  condensed  by  concentrated  acids  to  4-methylcarbostyril  (4-methyl- 
quinolinol-2)  ( Knorr ,  Ann.  236,  112): 
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CII,  •  CO  •  CH2  C(CH3)=CH 

I  - >  c6H4<  I 

C6Hs  .  NH  •  CO  \N - c  (OH) 

Acetoacetic  acid  anilide  4-Methylquinolinol-2 


a-Acetopropionic  acid  anilide  by  the  same  treatment  yields  3,4- 
dimethylcarbostyril ;  acetoacetic  acid  methyl  anilide  gives  the  N- 
methyl  derivative  of  4-methylpseudocarbostyril  (p.  238). 

(6)  Acetoacetic  ester  anil  (or  the  tautomeric  /3-anilinocrotonic  acid 
ester),  prepared  from  acetoacetic  ester  and  aniline  at  room  tempera¬ 
ture,  forms,  when  heated  at  250°,  2-methylquinolinol-4  ( Conrad , 
Limpach,  Ber.  24,  2990) : 

ROCO  •  CH2  /C(OH)=CH 

C6H5x  I  - >  C6H4<  I 

XN=C-CH,  \N, - C-CH3 

Acetoacetic  ester  anil  2-Methylquinolinol-4 


Benzoyl  acetic  acid  ester,  acetonedicarboxylic  acid  ester,  and  the  like  react 
similarly.  Homologues  of  aniline,  anti  vanillic  acid,  or  phenylenedi  amine  can  be 
used  in  place  of  aniline  ( Byvanck ,  Ber.  31, 2143;  Besthorn,  Garben,  Ber.  33,  3439, 
3448;  v.  Niementowski,  Ber.  38,  2044).  Benzanilide  imide  chloride  and  sodium 
malonic  acid  ester  form  the  anil  of  benzoylmalonic  acid  ester,  which  condenses  to 
4-hydroxy -2-phenylquinoline-3-carboxylic  acid  ester  (Just,  Ber.  19,  1541) : 


CcHss 


ROCO— CH-COOR 


SN- 


:C-C6H6 


/C(OH)=C  •  COOH 
+  C6H4<(  I 

xn=c-c6h5 


Phosphorus  pentachloride  converts  N-phenylmalonamic  acid  into  2,3,4- 
trichloroquinoline  ( Rugheimer ,  Ber.  18,  2975;  Riigheimer,  Schramm,  Ber.  20, 
1235).  The  alkylmalonanilic  acids  condense  in  the  same  way. 

(6)  The  conversion  of  indoles  to  3-chloro-  or  3-bromoquinoline  derivatives 
(p.  235),  analogous  to  that  of  pyrroles  to  pyridines,  is  accomplished  by  heating 
them  with  sodium  alcoholate  and  CHC13  or  CHBr3.  a-Methylindole  rearranges 
to  quinoline  when  its  vapors  are  led  through  a  glowing  tube  (Pictet,  Ber.  38, 
1949). 

(7)  A  mixture  of  aniline  with  acetaldehyde  vapors  over  hot  aluminum  oxide 
yields  4-methylquinoline  (lepidine)  and  a  little  2-methylquinoline  (quinaldine) 
(Tschitschibabin,  Oparina,  Ber.  60,  1873).  In  the  condensation  of  acetylene  with 
ammonia  at  high  temperatures  a  small  quantity  of  quinoline  is  found  among  the 
products  (Meyer,  Wesche,  Ber.  50,  424). 

Quinoline  and  many  of  its  alkyl  homologues  occur  in  coal  tar,  lignite  tar 
[Frank,  Vollmer,  Braunkohle  23  (1924),  505],  and  low -temperature  tar. 

Properties  of  Quinolines. — The  quinoline  bases  are  liquids  with  a 
pungent  odor;  they  are  sparingly  soluble  in  water  and  readily  soluble 
in  alcohol  and  ether.  They  are  tertiary  bases  and  resemble  the  pyri¬ 
dines  in  these  chemical  properties : 

1 .  They  form  salts  and  double  salts  (which  are  described  under  the 
individual  compounds). 

2.  With  alkyl  iodides,  dialkyl  sulfates,  acid  chlorides,  chloroacetic 
acid,  and  the  like  they  form  quinolinium  compounds  (Decker,  Ber.  38, 
1144;  Eckstein,  Ber.  39,  2135).  The  ease  of  addition  of  alkyl  iodides 
depends  on  the  nature  of  the  substituents  in  the  quinoline  compound 
(Decker,  Ber.  24,  1984).  The  quinoline  iodoalkylates  partially  de¬ 
compose  on  heating  into  quinoline  and  alkyl  iodide.  For  their  behav¬ 
ior  with  alkali  see  p.  230.  With  acid  chlorides  unstable  addition 
compounds  are  generally  formed. 
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3.  Quinoline,  like  pyridine,  is  but  slightly  attacked  by  nitric  acid 
or  chromic  acid.  Potassium  permanganate,  however,  destroys  the 
benzene  ring,  leaving  2,3 -pyridinedicarboxylic  acid  (quinolinic  acid) 
(p.  215).  The  homologous  quinolines  alkylated  in  either  the  pyridine 
or  the  benzene  ring  are  oxidized  by  chromic  acid  in  sulfuric  acid  solu¬ 
tion  to  the  corresponding  quinolinecarboxylic  acids.  In  the  reaction 
of  alkylated  quinolines  with  potassium  permanganate,  the  benzene 
ring  is  destroyed  and  pyridinepolycarboxylic  acids  are  formed  (v. 
Miller,  Ber.  23,  2252).  ♦ 

Potassium  permanganate  breaks  down  the  pyridine  ring  of  2-alkyl- 
quinolines,  leaving  acid  derivatives  of  o-aminobenzoic  acid.  Thus, 
2-phenylquinoline  gives  benzoylanthranilic  acid  ( Doebner ,  Miller,  Ber. 
19,  1196).  Also  in  the  oxidation  of  quinolinium  compounds  the 
pyridine  ring  is  ruptured;  N-alkylquinolines  are  formed  as  intermedi¬ 
ate  products  (see  below). 

4-  When  reduced  with  zinc  and  hydrochloric  acid  or  catalytically 
with  hydrogen  over  finely  divided  nickel  at  160-180°,  the  pyridine 
ring  of  quinoline  compounds  takes  up  four  atoms  of  hydrogen  to  form 
tetrahydroquinolines  (see  p.  244).  Energetic  reduction  produces 
decahydroquinolines. 

QUINOLINE,  b.p.  239°,  m.p.  — 22.6°,  d20  1.095  (ebullioscopic 
constant  =  56.1),  is  a  colorless,  pungent,  highly  refractive  liquid  with 
a  powerful  antiseptic  action.  It  occurs  in  bone  oil  and  coal  tar.  It 
is  obtained  from  various  alkaloids  and  is  prepared  synthetically,  ac¬ 
cording  to  Skraup’s  method,  by  boiling  a  mixture  of  glycerol,  aniline, 
sulfuric  acid,  and  nitrobenzene  or  arsenic  acid  several  hours  ( Skraup , 
Mo.  2,  139;  Walter,  J.pr.  49,  549;  Knueppel,  Ber.  29,  704).  It  forms 
crystalline  salts  with  one  equivalent  of  acid;  the  dichromate, 
(C9H7N)2H2Cr207,  m.p.  165°,  is  sparingly  soluble  and  can  be  used  for 
the  purification  of  quinoline.  The  numerous  molecular  compounds 
with  metal  salts  are  also  suitable  for  this  purpose,  e.g.,  the  chloro- 
platinate,  (C9H8N)2PtCl6  +  2  H20,  m.p.  218°;  picrate  m.p.  203°. 
For  the  production  of  pure  quinoline  from  crude  coal  tar  quinoline 
by  heating  with  copper  oxide,  see  Ger.  Pat.  451590,  1925;  Frdl.  XV, 

1 - n 

340.  Quinoline  betaine,  C9H7N  •  CPI2  •  CO  •  O,  m.p.  171°,  from  quino¬ 
line  and  chloroacetic  acid  in  the  form  of  its  hydrochloride  [Ihlder, 
Arch.Pharm.  240  (1902),  504;  Decker,  Kopp,  Ber.  39,  72].  Quinoline- 
N -oxide  (hydrate),  m.p.  62°;  picrate,  m.p.  143°;  from  quinoline  and 
perbenzoic  acid  (Meisenheimer,  Ber.  59,  1848).  Reduction  of  quino¬ 
line  gives  di-,  tetra-,  hexa-,  and  decahy dr 0 quinoline  (p.  243). 


Alkylquinolinium  compounds . — 1-Methylquinolinium  iodide,  CgHyN-CHsI  + 
H2Q,  m.p.  72°  (anhydrous,  m.p.  133°).  1  -Ethylquinolinmm  iodide,  m.p.  159°. 
Like  the  pyridinium  hydroxides,  the  water-soluble  hydroxides  first  formed  by  the 
action  of  alkali  on  quinoline  alkyl  iodides  are  unstable  (with  the  exception  of  the 
amino-  and  hydroxyquinolinium  bases),  and  rearrange  into  the  nonconducting 
dihydro-2-quinolinols  (pseudo-bases,  quinolanols) ,  which  are  insoluble  in  water. 
The  latter  are  quite  reactive,  and  are  simultaneously  oxidized  and  reduced  by 
sodium  hydroxide  to  N-alkyl-2-quinolones  and  N-alkyltetrahydroquinolines. 
With  alkaline  potassium  ferricyanide  solution  only  the  N-alkyl-2-quinolone  is 
formed  ( Roser ,  Ann.  282,  363;  Decker,  Ber.  36,  2568),  With  acids  the  pseudo¬ 
bases  change  back  to  the  original  quinolinium  salts : 
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CH=CH  NaOH 

l  ; — r^. 

NI=CH  hi 

I 

CHS 

The  hydroxyl  group  of  the  dihydro -2-quinolinols  is  very  active.  When  these 
compounds  are  boiled  with  alcohol  they  are  converted  to  alkoxy  compounds  or 
alcoholates.  They  react  with  aniline,  phenylhydrazine,  hydroxylamine,  and  com¬ 
pounds  containing  an  activated  methylene  group,  splitting  off  water  ( Kaufmann , 
Striibin,  Ber.  44,  680;  Decker,  Kaufmann,  J.pr.  84,  219).  In  view  of  these 
reactions  it  has  been  considered  possible  that  these  compounds  are  not  dihydro -2- 
quinolinols  but  the  o-alkylaminocinnamaldehydes  formed  by  an  opening  of  the 
ring  similar  to  that  which  has  been  observed  in  the  case  of  dinitrophenylpyri- 
dinium  chloride  (p.  202) : 


CH=CH 
C6H4<  | 

XN - CH(OH) 
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•  /CH— CH  CH— CH 

C6H4<  |  or  C6H4<  | 

XN(CH3)  -CH(OH)  \NH(CHj)CHO 


Such  a  rupture  of  the  quinoline  ring  is  known  to  occur  in  several  cases,  o -Benzoyl  - 
aminocinnamaldehyde  is  formed  when  quinoline  is  treated  with  benzoyl  chloride 
and  aqueous  sodium  hydroxide  ( Reissert ,  Ber.  38,  3415) : 


C6II, 


CH=CH  CeHaCOCI  /CH^CH-CHO 

I  - »  C6H4< 

N=CH  +NaOH  NnHCOC6H6 


1 -Methyl -2-phenylquinolinium  iodide  is  converted  by  aqueous  sodium  hy¬ 
droxide  to  a  very  reactive  hydroxydihydroquinoline,  which  is  oxidized  even  by  the 
oxygen  of  the  air  to  o-methylaminodibenzoylmethane  ( Kaufmann ,  Janini,  Ber. 
44,  2670) : 


/CH— CH  CH— CH 

C6H4<  I  - >  C6H4<  I  (?)  - > 

XN(CH3)I :  C  •  C6H5  xN(CH3)  •  C(OH)C6H5 


/CO - CH2 

<  I 

xNH(CH3)  coc6h5 


The  great  reactivity  of  the  hydroxydihydroquinolines  and  their  dehydrogena¬ 
tion  products,  the  quinolones,  and  the  ease  of  condensation  of  2-  and  4-methyl- 
quinolines  (p.  232)  make  possible  the  formation  of  the  valuable  blue  and  red 
dyes  of  the  cyanine,  isocyanine,  and  apocyanine  groups  (see  p.  235). 

The  following  reactions  of  the  1-alkylquinolinium  halides  are  similar  to  the 
rearrangement  of  quinolinium  hydroxides  to  dihydroquinolinols : 

(a)  With  alkylmagnesium  halides  they  yield  1,2-dialkyldihydroquinolines 
(Freund,  Richard,  Ber.  42,  1101;  Meisenheimer,  Stotz,  Bauer,  Ber.  58,  2320) : 


C6H, 
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(b)  With  potassium  cyanide  very  reactive  N-alkyldihydrocinchoninic  acid 
nitriles  are  formed,  probably  by  rearrangement  of  quinolinium  cyanides,  the  first 
products;  they  are  converted  by  oxidation  with  potassium  ferricyanide  into  1- 
alkyl-4-cyano-2-quinolones  and  by  treatment  with  iodine  solution  into  l-alkyl-4- 
cyanoquinolinium  iodides  (Kaufmann,  Widmer,  Ber.  44,  2058) : 


/CH  -  CH  KCN  /CH(CN) — CH 

C6H4<  |  - - >C6H4<  H 

XN(CH3)(I)  :CII  XN(CH3) CH 


C(CN)=CH 

\N(CHS)(I):CH 


With  benzoyl  chloride  and  potassium  cyanide  they  react  in  an  unexpected 
manner,  forming  1-benzoyldihydroquinaldinic  acid  nitrile  (Reissert,  Ber.  38, 
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1606).  For  the  action  of  cyanogen  bromide  on  quinoline,  see  Shimidzui,  J. 
Pharm.Soc. Japan  1926,  No.  529,  25;  of  chloroformic  acid  ester,  see  Hopkins,  J. 
117  278 

HOMOLOGOUS  QUINOLINES.  (For  the  numbering  of  the  quinoline  ring, 
see  the  formula  on  p.  226.)  All  seven  isomeric  methylquinolines  are  known. 
The  four  quinolines  methylated  in  the  benzene  nucleus  are  called  toluquinolines  or 
methylbenzoquinolines;  they  are  produced  by  the  application  of  the  Skraup 
reaction  to  the  three  toluidines.  8(or  o)-Methylquinoline,  b.p.  248°;  6(or  p)~ 
methylquinoline,  b.p.  257°;  7 (or  ra) -methylquinoline,  b.p.  248°;  5-methyl- 
quinoline,  b.p.  250°. 

QUINALDINE,  2(or  a) -methylquinoline,  b.p.  247°,  is  present  in  coal  tar 
quinoline  (up  to  25%)  ( Jacobsen ,  Reimer,  Ber.  16,  1082).  It  is  prepared  by  the 
various  synthetic  methods  given  on  p.  227  and  also  by  reduction  of  4-quinolinol 
(p.  239)  and  by  fusion  of  N-ethylacetanilide  with  zinc  chloride  ( Pictet ,  Fert , 
Ber.  23,  1903).  It  is  obtained  according  to  the  method  of  Dobner  and  v.  Miller 
by  many  hours’  boiling  of  aniline  with  paraldehyde  and  crude  hydrochloric  acid 
( Dobner ,  v.  Miller,  Ber.  16,  2465).  Dichromate,  m.p.  110°.  1  -Methylquinal- 

dinium  iodide,  m.p.  190°.  N -Oxide,  picrate,  m.p.  174°  (M eisenheimer ,  Stotz, 
Ber.  58,  2334).  Treatment  with  chlorine  or  bromine  in  the  presence  of  sodium 
acetate  gives  2-(trichloro-  or  tribromomethyl) -quinoline,  m.p.  56°  and  128°, 
both  of  which  hydrolyze  quantitatively  to  quinaldinic  acid  ( Hammick ,  J.  123, 
2882) . 

3 (or  13) -Methylquinoline,  m.p.  10-14°,  b.p.  253°,  is  formed  by  heating  o- 
aminobenzaldehyde  with  propionaldehyde  at  220°  {Wislicenus,  Elvert ,  Ber.  42, 
1144). 

LEPIDINE,  4 (or  7) -methylquinoline,  m.p.  257°,  occurs  together  with  quino¬ 
line  in  coal  tar;  it  is  prepared  from  cinchonine  by  distillation  with  KOH  as  well  as 
by  synthetic  methods  (c/.  Byvanck,  Ber.  31,  2153).  Lepidine  is  formed  when  a 
mixture  of  aniline  with  2  molar  proportions  of  acetaldehyde  is  passed  over  heated 
AI2O3  ( T  schitschibabin ,  Oparina,  Ber.  60,  1873). 

Chromic  acid  oxidizes  all  three  methylquinolines  to  the  corresponding  quinoline  - 
carboxylic  acids  (p.  241);  KM11O4  gives  pyridinetricarboxylic  acids  (p.  216). 

2,3-Dimethylquinoline,  b.p.  261°  {Rohde,  Ber.  22,  267);  2,4-dimethylquino- 
line,  b.p.  266°,  from  acetylacetone  and  aniline.  3,4-Dimethylquinoline,  m.p. 
65°,  b.p.  290°,  from  3,4-dimethylcarbostyril. 

2,8-Dimethylquinoline  (o-toluquinaldine) ,  m.p.  27°  {Wyler,  Ber.  60,  298). 

2-Ethylquinoline,  b.p.  255-260°,  and  3-ethylquinoline,  b.p.  265°,  are  formed 
when  ethylquinolinium  iodide  is  heated  to  250°  (analogous  to  preparation  of 
alkylpyridines,  p.  204).  4-Ethylquinoline,  b.p.  270-275°.  4-Propylquinoline, 
b.p.  159°  (16  mm.).  For  trimethylquinolines,  see  Yamaguchi,  J. Pharm.Soc. 
Japan  1924,  5.  2-Phenethylquinoline,  see  p.  233. 

Tetramethylquinolines :  2, 4, 5, 7-,  m.p.  59°;  2, 4, 6, 8-,  m.p.  86°;  2, 4, 5, 8-,  m.p. 
131°  {Mikeska,  Adams,  Am.  42,  2394). 

As  in  the  case  of  the  2-  and  4-methylpyridines  (p.  204),  the  2-  and  4-CH3  or 
-CH2R  groups  in  the  quinoline  series  condense  with  aldehydes  and  also  react  with 
nitrosobenzene  and  nitrosodimethylaniline  [Browning,  Cohen,  Ellingworth, 
Gulbransen,  Proc. Roy  .Soc. London  B  100  (1926),  293] .  The  2-methyl  groups  also 
condense  with  phthalic  anhydride. 

Formaldehyde  and  quinaldine  give  2-quinolineethanol,  methylolquinaldine, 
C9H6N[2]CH2CH2OH,  m.p.  105°,  /3-hydroxymethyl-2-quinolineethanol,  dimethyl- 
olquinaldine,  C9H6N[2]CH(CH2OH)2,  m.p.  117°,  and  /3, /3-di- (hydroxymethyl) -2- 
quinolineethanol,  trimethylolquinaldine ,  C9H6N[2]C(CH2OH)3,  m.p.  143°.  If 
the  3 -position  is  substituted,  the  2-methyl  group  condenses  with  just  two  mole¬ 
cules  of  formaldehyde:  /3-hydroxymethyl-3-methyl-2-quinolineetbanol,  3- 

methyl-2-dimethylolquinaldine,  C9H5N[3]CH3[2]CH(CH20H)2,  m.p.  107°.  Simi¬ 
larly,  lepidine  gives  only  4-quinolineethanol,  methylollepidine,  C9H6N[4]CH2- 
CH2OH,  oil,  and  /3-hydroxymethyl -4-quinolineethanol,  dimethylollepidine,  C9H6- 
N[4]CH(CH2OH)2,  m.p.  128°.  In  2,4-dimethylquinoline  the  2-methyl  group 
reacts  first:  4-methyl-2-quinolineethanol,  m.p.  98°,  and  /3-hydroxymethyl-4- 
methyl -2-quinolineethanol,  m.p.  140°.  Chloral  and  phthalic  anhydride  also  re¬ 
act  with  2-methjd  groups  {Koenigs,  Mengel,  Ber.  37,  1322;  see  next  page). 

By  elimination  of  water,  quinolineethanol  yields  2-vinylquinoline,  C9H6N[2J- 
CH:CH2;  the  /3-hydroxymethylquinolineethanols  are  reduced  by  hydriodic  acid 
to  2-  and  4-isopropylquinoline  {Koenigs,  Ber.  32,  223). 
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Depending  on  the  reaction  conditions,  quinaldine  and  lepidine  condense  with 
benzaldehyde  to  give  either  2-  and  4-styrylquinoline  ( benzylidenequinaldine  and 
benzylidenelepidine) ,  m.p.  100°  and  92°,  or  benzylidenediquinaldine  and  benzyli- 
denedilepidine,  (CgH6N -CH2)2CHC6H5,  m.p.  156°  (dec.)  and  218°.  2-Styryl- 
quinolines  with  certain  substituents  (halogen,  alkoxy,  hydrazino,  etc.)  in  the  4- 
position  have  strong  bactericidal  properties  [ Browning ,  Cohen,  Ellingworth , 
Gulhransen,  Proc. Roy .Soc. London  B  100  (1926),  293;  Ger.  Pat.  440008,  1924] . 
Reduction  of  2-  and  4-styrylquinoline  yields  2-  and  4-phenethylquinoline,  m.p. 
30°  and  101  °,  which  can  also  be  condensed  with  1  or  2  molar  proportions  of  form¬ 
aldehyde  ( Koenigs ,  Ber.  32,  3599). 

Lepidine  condenses  with  chloral  to  give  a-(trichloromethyl)-4-quinolineethanol, 
(C9H6N)CH2CH(OH)CCl3,  m.p.  175°.  The  analogous  2-derivative,  m.p.  144°, 
obtained  very  easily  from  quinaldine  and  chloral,  is  hydrolyzed  by  alkali  to  2- 
quinolinelactic  acid,  (C9H6N)CH2CH(OH)COOH,  and  2-quinolineacrylic  acid, 
(C9H6N)CH :  CHCOOH ;  the  quinolinelactic  acid  is  converted  by  concentrated 
sulfuric  acid  to  2-quinolineacetaldehyde,  (C9H6N)CH2CHO,  m.p.  104°,  and  by 
oxidation  to  2-quinolineacetic  acid,  (CglRlNDCIUCOOH,  m  p  275°.  The  a- 
(trichloromethyl)-4-quinolineethanol  is  hydrolyzed  to  4-quinolineacrylic  acid, 
m.p.  250-255°  (dec.),  which  is  reduced  by  HI  and  phosphorus  to  4-quinoline - 
propionic  acid,  m.p.  203°  ( Koenigs ,  Muller,  Ber.  37,  1337). 

When  heated  with  phthalic  anhydride  at  220°,  quinaldine  forms  a  yellow  dye, 
quinophthalone : 


m.p.  241 0 ;  at  lower  temperatures  the  reaction  product  is  the  isomeric  2-quinoline- 


methylenephthalide,  iso  quinophthalone,  (C9H6N)CH:  C -C6H4COO,  m.p.  187°, 
which  rearranges  to  quinophthalone  when  heated  to  250°  or  when  treated  with 
sodium  ethylate  ( Eibner ,  Merkel,  Ber.  37,  3006).  This  reaction  is  comparable  to 
the  conversion  of  benzylidenephthalide  to  phenyldiketohydrindene.  Quinoline 
yellow,  a  silk  and  wool  dye,  is  quinophthalone  sulfonic  acid.  For  the  reaction 
between  quinaldine  and  phthalaldelrydic  acid,  see  Nencki,  Ber.  29,  187. 

With  oxalic  ester  and  potassium  ethylate,  quinaldine  and  lepidine  condense  to 
the  yellow  2-  and  4-quinolineoyruvic  acid  esters  ( quinaldineoxalic  ester  and 
lepidineoxalic  ester),  (C9H6N)CH:CH(OH)COOH,  m.p.  131°  and  195°,  which 
are  yellow  in  alkali  but  colorless  in  acid  solution,  probably  due  to  rearrangement 
to  the  keto  form  ( Wislicenus ,  Kleisinger,  Ber.  42,  1140). 

2- Phenylquinoline,  m.p.  84°,  b.p.  263°,  from  aniline  and  cinnamaldehyde  by 
heating  with  hydrochloric  acid  at  200  °,  is  oxidized  by  KMn04  to  benzoylanthra- 
nilic  acid .  For  the  decomposition  of  its  methyl  iodide  addition  product  to  o-meth- 
ylaminodibenzoylmethane,  see  p.  231. 

3- Phenylquinoline,  m.p.  52°  {Friedlander ,  Gohring,  Ber.  16,  1836). 

4- Phenylquinoline,  m.p.  61°,  derived  from  its  2-carboxylic  acid,  is  closely 
related  to  several  decomposition  products  of  the  cinchona  alkaloids  (p.  351) 
( Koenigs ,  Nef,  Ber.  20,  622) .  Nitrophenylquinoline,  N02C6H4C9H6N,  m.p.  159°, 
from  isodiazonitrobenzene  and  quinoline  ( Kuhling ,  Ber.  29,  168).  4-Phenyl- 
quinaldine,  4-phenyl-2-methylquinoline,  m.p.  99°,  is  produced  by  the  condensa¬ 
tion  of  benzoylacetone  with  aniline  {Beyer,  Ber.  20,  1771) ;  its  phthalone,  C9H5N- 
(C6H5)CH:  (C202C6H4),  is  oxidized  by  chromic  acid  to  4-phenylquinoline -2- 
carboxylic  acid,  which  gives  4-phenylquinoline  when  decarboxylated.  2-Phenyl  - 
4-methylquinoline,  m.p.  65°  {John,  Noziczka,  J.pr.  Ill,  65),  is  obtained  from 
flavenol  (see  below)  by  distillation  with  zinc  dust.  Its  p-amino  derivative, 
p-flavaniline,  2-{p~aminophenyl)  -4-methylquinoline ,  C9H5N  (CH3)  (C6FI4NH2) 
{Fischer,  Ber.  19,  1038),  whose  yellow  monoacid  salts  have  been  used  as  dyes 
{Fischer,  Rudolph,  Ber.  15,  1500),  results  from  the  condensation  of  o-aminoace- 
tophenone  with  p-aminoacetophenone.  Nitrous  acid  converts  flavaniline  to  fla- 
venol,  2- {p -hydroxy phenyl) -4-methylquinoline,  C9H6(CH3)  (C6H4OII)N.  For  o- 
flavaniline,  see  Camps,  Ber.  32,  3231. 

Various  isomeric  biquinolines,  (C9H6N)2,  have  been  prepared  by  digestion  of 
quinoline  with  sodium,  by  the  action  of  copper -bronze  on  iodoquinolines,  by 
passage  of  quinoline  vapor  through  an  incandescent  tube,  by  application  of  the 
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Skraup  synthesis  to  benzidine  and  other  diaminobiphenyls,  and  by  the  reaction 
of  quinolineacetaldehyde  with  o-aminobenzaldehyde  according  to  method  2 
(p.  227)  ( Weidel ,  Ber.  8,  121;  Zimmermann,  Muller,  Ber.  17,  1965;  Koenigs, 
Nef,  Ber.  20,  634;  v.  Niementowski,  Seifert,  Ber.  38,  762;  Einhorn,  Sherman,  Ann. 
287,  38,  and  others). 

Diquinolylquinoline,  CgHGN  -CgHsN-CgHeN,  m.p.  151°,  is  obtained  from  4- 
acetoacetylquinoline  (p.  241)  with  2  molar  proportions  of  o-aminobenzaldehyde 
(Weidel,  Mo.  17,  401). 

2,2'-Diquinolylmethane,  m.p.  102°,  from  2-chloroquinoline  and  quinaldine  at 
180-200°,  together  with  a  little  triquinolylmethane  ( Scheibe ,  Ber.  54,  786). 

Triquinolylme thane,  CH(C9H6N)2,  m.p.  202°,  from  pararosaniline  by  the 
Skraup  reaction  ( Noelting ,  Schwartz,  Ber.  24,  1606;  Rhoussopoulos ,  Ber.  24, 
2267) . 

The  cyanine,  isocyanine  and  pseudoisocyanine  dyes*  mentioned  on  p.  231,  are 
derivatives  of  2,2'-,  4,4'-  or  2,4'-diquinolylmethanes.  They  are  formed  by  the 
action  of  alkali  on  a  mixture  of  methylquinolinium  iodides  and  alkyl-2-  or  4 -methyl- 
quinolinium  iodides.  (Summary  of  the  literature :  Konig,  Treichel,  J.pr.  102,  63.) 
These  dyes,  called  collectively  quinocyanines ,  have  the  following  structures 
(Scheibe,  Ber.  54,  786;  Konig,  Ber.  55,  3293;  Rosenhauer,  Ber.  59,  2356) : 
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In  the  formation  of  these  compounds,  methylenedihydroquinolines  (quinolone 
methides)  are  known  to  be  intermediate  products  (Rosenhauer,  Ber.  59,  2356). 
The  methine  link  joining  the  two  heterocyclic  rings  can  be  lengthened  by  one  or 
more  vinyl  groups.  The  dyes  so  obtained  are  called  pinacyanols  (joined  in  the 
2,2 '-position)  or  dicyanines  (joined  in  the  4,4 '-position) ,  although  the  name 
strepto-mono(di,  tri)-vinylenequinocyanines  would  be  a  more  reasonable  one 
(Konig,  Ber.  55,  3309). 

The  validity  of  the  above  formulas  is  most  clearly  demonstrated  by  the  forma¬ 
tion  of  these  dyes  from  1 -alkyl -2-methylquinolinium  iodide  by  the  action  of 
orthoformic  acid  ester  in  the  presence  of  acetic  anhydride  or  zinc  chloride  (Konig, 
Ber.  55,  3293) ;  technically,  formaldehyde,  chloroform,  bromoform,  or  iodoform 
is  used  (Ger.  Pat.  172118,  1905,  Frdl.  VIII,  534;  Ger.  Pat.  175034,  1906,  Frdl. 
VIII,  535;  Ger.  Pat.  200207,  1907,  Frdl.  IX,  281;  Fischer,  J.pr.  98,  213) : 
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\ANA-CH;H2  +  (H5C20)2j :  CH  •  jOC2H5  +  H 
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The  immediate  conversion  of  methylenedihydroquinolines  to  pinacyanols  with 
iodoform  or  chloroform  indicates  .that  they  are  intermediate  products  in  the  above 
reaction  also  (Rosenhauer,  Ber.  59,  2357). 

*  H.  Bucherer,  Lehrbuch  der  Farbenchemie  (Spamer,  Leipzig,  1921;  H.  E. 
Fierz-David;  Kunstliche  organische  Farbstoffe  (Springer,  Berlin,  1926) ;  Cain, 
Thorpe,  Synthetic  Dyestuffs  (Griffin,  London,  1933). 
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The  structure  of  the  dyes  known  as  apocyanines ,  which  are  obtained  from 
alkylquinolinium  iodides  with  alcoholic  KOH,  is  not  certain  {Kaufmann,  Struben, 
Ber.  44,  690;  Konig,  Ber.  55,  3294) . 

Quinoline  red  (I) 


AA 


=CH- 
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c6h5 
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is  produced  by  the  condensation  of  quinaldine,  quinoline,  and  benzotrichloride 
( Vongerichten ,  Hofmann,  Ber.  45,  3447)  and  also  by  the  action  of  benzylidene 
chloride  on  2,2'-diquinoylmethane  ( Scheibe ,  Ber.  54,  786). 

A  large  number  of  these  blue  and  red  dyes,  especially  ethyl  red,  from  1-alkyl- 
quinolinium  iodide  and  1 -alkyl -2-methylquinolinium  iodide,  and  the  pinacyanols, 
are  technically  important  as  sensitizers  for  photographic  plates.  For  individual 
members  of  these  dyestuff  groups,  see  the  books  on  organic  dyes  cited  on  the 
preceding  page. 

HALOGEN,  SULFO,  ARSENO  AND  NITRO  DERIVATIVES  OF  THE 
QUINOLINES.  Halogen,  sulfo,  and  nitro  derivatives  containing  the  substituents 
in  the  benzene  ring  are  prepared  by  the  methods  customarily  used  for  the  intro¬ 
duction  of  such  groups  into  benzene  and  naphthalene,  or  by  synthesis  from  the 
correspondingly  substituted  benzenes  (p.  226) .  For  the  nitration  of  quinoline,  see 
Kaufmann,  Hussey,  Ber.  41,  1735.  It  is  more  difficult  to  introduce  halogen, 
nitro  and  sulfo  groups  into  the  pyridine  nucleus  of  quinoline.  Pz/-Chloroquino- 
lines  are  obtained  from  P^-hydroxyquinolines  with  PCI5.  3 -Halogen  derivatives 
are  also  formed  by  heating  with  sulfur  chloride  or  bromide.  As  in  the  pyridine 
series,  2-chloroquinolines  are  produced  from  1 -alkyl -2-quinolones  with  phosphorus 
chlorides  ( Fischer ,  Ber.  32,  1297;  35,  3678) .  The  halogen  atoms  in  the  2-  and  3- 
positions  are  displaced  by  OH,  NHR,  and  the  like  with  remarkable  ease  (cf. 
halogenopyridines,  p.  206). 

2-Chloroquinoline,  m.p.  38°,  b.p.  267°,  from  carbostyril,  1-methyl-,  or  1- 
ethylquinolone  and  PC15  {Friedldnder ,  Ostermaier,  Ber.  15,  333;  Fiseher,  Ber. 
31,  611).  3-Chloroquinoline,  b.p.  255°,  from  quinoline  and  sulfur  chloride,  to¬ 
gether  with  the  compound  called  thioquinanthrene,  (C9H5N)2S2,  and  trichloro- 
quinoline  ( Edinger ,  Ber.  29,  2456;  Edinger,  Ekeley,  J.pr.  66,  209).  2-Bromo- 
quinoline,  m.p.  49°  {Claus,  Pollitz,  J.pr.  41,  41).  3-Bromoquinoline,  m.p.  13°, 
b.p.  276°,  by  the  action  of  sulfur  bromide  on  quinoline  or  by  heating  quinolinium 
chloride  with  bromine  {Claus,  J.pr.  45,  222;  Claus,  Howitz,  J.pr.  50,  232; 
Edinger,  Ber.  29,  2459).  4-Chloroquinoline,  m.p.  34°,  from  4-quinolinol  with 
PCI5  (p.  239),  from  4-aminoquinoline  by  diazotization  in  hydrochloric  acid  and 
from  quinoline -N -oxide  with  sulfuryl  chloride  {Meisenheimer,  Ber.  59,  1852); 
4-iodoquinoline,  m.p.  100°,  is  similarly  prepared  from  4-aminoquinoline  {Claus, 
Frohenius,  J.pr.  56,  193).  4-Bromoquinoline,  m.p.  30°,  from  4-quinolinol  with 
PBr3  {Claus,  Howitz,  J.pr.  50,  232;  Claus,  Frobenius,  J.pr.  56,  192).  2-Iodo-l- 
methylquinolinium  iodide,  C9H6INTCH3,  m.p.  212°,  from  2-chloroquinoline 
with  methyl  iodide  {Roser,  Ann.  282,  376).  6-Chloroquinoline,  m.p.  40°,  b.p. 
262°  (740  mm.)  {v.  Braun,  Grabowski,  Rawicz,  Ber.  46,  3171).  6-Bromoquino- 
line,  m.p.  24°,  b.p.  284°.  8-Chloro-  and  8-bromoquinoline,  b.p.  288°  and  302° 
{Claus,  Scholler,  J.pr.  48,  141;  Claus,  Gunther,  J.pr.  55,  104).  3-Chloro-2- 
methyiquinoline ,  m.p.  72°,  from  methylindole,  chloroform,  and  sodium  alcohol- 
ate  {Reissert,  Ber.  21,  1942).  2,3-Dichloroquinoline,  m.p.  105°,  from  hydro- 
carbostyril  with  PC1S.  2,3,4-Trichloroquinoline,  C9H4C13N,  m.p.  107°,  from 
malonanilic  acid  with  PC15  (p.  229)  {Rugheimer,  Ber.  17,  737). 

QUINOLINESULFONIC  ACIDS.  The  preferred  points  of  entry  of  the  sul¬ 
fonic  acid  group  are  the  8-position,  then  the  6-  and  the  5-.  The  2-  and  4-quinoline- 
sulfonic  acids  are  formed  by  oxidation  of  the  mercaptans  (p.  240)  or  by  the 
reaction  of  2-  and  4-halogenoquinolines  with  alkali  sulfites  {Besthorn,  Geissel- 
brecht,  Ber.  53,  1017) .  When  heated  to  300°,  quinoline-8-sulfonic  acid  rearranges 
to  the  6 -sulfonic  acid. 
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Quinolinesulfonic  acids,  colorless  needles,  all  melting  over  270°. 

Arsenic  acids  and  arseno  derivatives  of  quinoline  have  been  obtained  from  the 
corresponding  amino  compounds  ( Binz ,  Rath,  Ann.  453,  238). 

NITRO  QUINOLINES/  The  same  considerations  hold  for  the  introduction  of 
the  nitro  group  into  quinoline  and  its  derivatives  as  for  the  introduction  of  the 
sulfonic  acid  group.  The  preparation  of  3-nitroquinoline  from  o-aminobenzalde- 
hyde  and  as-isonitrosonitroethane  is  an  interesting  variation  of  the  Friedlander 
quinoline  synthesis  (Ger.  Pat.  335197,  1919,  Frdl.  XIII,  818). 

3-Nitroquinoline,  m.p.  128°.  5-,  6-,  7-,  8-Nitroquinoline,  m.p.  72°,  148°, 

133  °,  and  89  °.  The  latter  is  obtained  by  nitration  of  quinoline.  Energetic  nitra¬ 
tion  gives  dinitroquinolines. 

AMINOQUINOLINES .  Bz-Aminoquinolines  are  prepared  by  reduction  of  the 
corresponding  nitroquinolines.  The  2-  and  4-amino  derivatives  are  obtained  by 
heating  2-  and  4-chloro-  or  bromoquinolines  with  ammonia  or  amines.  The 
method  used  in  the  pyridine  series  for  the  direct  introduction  of  the  amino  group, 
heating  with  sodium  amide  in  xylene  solution,  can  also  be  applied  in  the  quinoline 
series  (Ger.  Pat.  374291,  1914,  Frdl.  XIV,  527;  Tschitschibabin,  Witkowsky, 
Lapschin,  Ber.  58,  803).  2-Aminoquinolines  are  also  formed  by  synthesis  from 
o-aminocinnamic  acid  nitriles  ( Pschorr ,  Wolfes,  Ber.  32,  3399) : 


✓CH :  CH  •  CN 
CoII< 

XNH, 


✓CH :  CII 
->  C6H4<  | 


"N=CNH2 


,CH:C— C6H4 

Cf.  the  folmation  of  quinindoline,  C6H4<(^  |  |  ,  by  reduction  of  o,o'- 

XN  =  C — NIL 

dinitro -a -cy anobibenzy  1 ,  N02C6H4CH2CH(CN)C6H4N02  (p.  267). 

The  2-  and  4-aminoquinolines  often  react  in  the  tautomeric  form  as  iminodi- 
hydroquinolines.  The  statements  made  on  p.  197  concerning  the  tautomerism  of 
pjnidine,  especially  in  relation  to  2-  and  4-aminopyridine,  hold  also  for  the 
quinoline  series.  ( Cf .  Diepolder,  Deuerlein,  J.pr.  106,  61;  and  Tschitschibabin, 
Ber.  54,  822). 

2-Aminoquinoline,  m.p.  129.5°,  from  quinoline  with  sodium  amide  [Tschit¬ 
schibabin,  Sazepina,  J.Russ.Phys.Chem.Soc.  50  (1918),  5531 ,  from  cinnamic  acid 
nitrile  with  sodium  ethylate  (see  above) ,  from  2-chloroquinoline  by  heating  with 
ammonia  and  ammonium  carbonate  at  200°  (together  with  carbostyril)  and  from 
2-phenylhydrazinoquinoline  or  hydrazoquinoline  (see  below)  by  reductive  de¬ 
composition  (Claus,  Schaller,  J.pr.  56,  204;  Pschorr,  Ber.  31,  1297),  is  hydro¬ 
lyzed  by  concentrated  alkali  to  NH3  and  carbostyril.  When  treated  with  nitrat¬ 
ing  acids,  2-aminoquinoline  yields  2-quinolylnitramide,  m.p.  225°  (dec.);  this 
rearranges  at  higher  temperatures  under  the  influence  of  concentrated  sulfuric 
acid  to  6 -nitro -2-aminoquinoline,  m.p.  261°  ( Tschitschibabin ,  Witkowsky,  Lap¬ 
schin,  Ber.  58,  803).  2-Anilinoquinoline,  (C9H6N) -NHCelR,  m.p.  98°,  from 
2-chloroquinoline  and  aniline  at  200°. 

2- Amino-3-phenylquinoline,  m.p.  156°  (corr.),  is  obtained  from  «-phenyl-o- 
nitrocinnamic  acid  nitrile  by  reduction,  and  by  condensation  of  o-acetamido- 
benzaldehyde  with  benzyl  cyanide. 

3- Aminoquinoline,  dimorphous,  m.p.  84°  and  94°,  from  3-quinolinecarboxylic 
acid  amide  with  NaOBr  (Mills,  Watson ,  J.  97,  741).  3-Aminoquinaldine,  m.p. 
160°,  from  the  oxime  of  3-acetylquinaldine  by  a  Beckmann  rearrangement  (Stark, 
Ber.  40,  3425).  3-Aminoquinolines  have  also  been  prepared  from  aromatic  o- 
amino  aldehydes  and  N -acetonyl-  or  IS-phenacylphihalimide  by  the  Friedlander 
method  (Berlingozzi,  Gazz.  53,  369). 

4- Aminoquinoline  (1  IJ20),  m.p.  70°  (anhydrous,  154°),  is  formed  from  cin- 
choninic  acid  amide  with  bromide  and  alkali  (Claus,  Frobenius,  J.pr.  56,  181). 

4-Aminoquinaldine,  m.p.  270°  (Conrad,  Limpach,  Ber.  21,  1980).  4-Amino-2- 
phenylquinoline,  m.p.  168°,  from  the  corresponding  carboxylic  acid  azide  by  the 
Curtius  reaction  (John,  Ber.  59,  1447) .  5-,  6-,  and  8-Aminoquinoline,  m.p.  110°, 
b.p.  184°  (10  mm.);  m.p.  118°,  b.p.  187°  (11  mm.);  m.p.  65°,  b.p.  160°  (20 
mm.)  ( Kaufmann ,  Zeller,  Ber.  50,  1627).  6-Methoxy-4-aminoquinoline,  C9H5N- 
(OCH3)(NH2),  m.p.  120°,  from  quininic  acid  amide  with  KOBr  (Hirsch,  Mo.  17, 
327). 
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HYDRAZIN  O  QUIN  OLINES  are  obtained  from  2-  and  4-chloroquinoline  by 
heating  with  hydrazine  or  phenylhydrazines  ( Ephraim ,  Ber.  24,  2817;  Marck- 
wald,  Meyer ,  Ber.  33,  1885).  2-Hydrazinoquinoline,  (C9H6N) -NH -NH2,  m.p. 
135°,  behaves  in  some  reactions  as  a  hydrazidine;  with  formic  acid  it  gives 
s-triazolo[4,3-a]  quinoline,  naphtriazole  (I),  m.p.  175°,  and  with  nitrous  acid, 
tetrazolo[ a] quinoline,  naphtetrazole  (II),  m.p.  157°  (cf.  p.  214) : 


CH:CH-C=N 

!  i 

C6H4 - N— CH 
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CH :  CH  •  C :  NNH2  (II) 

I  I  - 

C6H4 - NH 


CH:CH-C=N 

I  I 

C6H4 - N— N 
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The  tetrazoloquinoline  is  converted  quantitatively  into  tetrazole  by  oxidation  with 
KMn04  ( Marckwald ,  Meyer,  Ber.  33,  1890) . 

2-Hydrazinolepidine,  [C9H5(4-CH3)N]  [2]NHNH2,  m.p.  146°.  4-Hydrazino- 
quinaldine,  m.p.  118°.  2,2'-Hydrazoquinoline,  (C9H6N)NH-NH(C9H6N), 
m.p.  229°,  and  2,2'-hydrazolepidine,  m.p.  265°,  are  formed  together  with; the 
hydrazines  when  the  2-chloroquinolines  are  heated  with  hydrazine  hydrate;  on 
oxidation  they  yield  2 -azoquinoline  and  2-azolepidine,  m.p.  230°  and  235°,  and 
on  reduction  with  zinc  dust  and  hydrochloric  acid  they  give  2-aminoquinoline  and 
2-aminolepidine.  2-Phenylhydrazinoquinoline,  (C9H6N)NHNHC6H5,  m.p.  191  °, 
oxidizes  to  phenylazoquinoline,  m.p.  93°  ( Ephraim ,  Ber.  24,  2817). 

HYDROXY  QUINOLINES ,  QUINOLINOLS.  The  hydroxy  quinolines  have 
the  properties  of  both  bases  and  phenols. 

Quinolines  hydroxylated  in  the  benzene  nucleus,  which  are  also  called  quino- 
phenols  or  hydroxybenzoquinolines,  are  prepared  by  the  Dobner -Miller  synthesis 
from  aminophenols,  by  rearrangement  of  Rz-nitroquinolines,  and  by  fusion  of 
quinolinesulfonic  acids  with  KOH.  Into  the  quinolinols  so  obtained  further 
hydroxyl  groups  can  be  introduced  by  fusion  with  KOH  ( Edinger ,  Biihler,  Ber. 
42,  4316).  8-Quinolinol,  C6H3(OH) :  (C3H3N),  m.p.  75°,  b.p.  266°,  from  8- 
quinolinesulfonic  acid  ( Fischer ,  Ber.  16,  712).  6-Quinolinol,  m.p.  194°,  from 
xanthoquinic  acid  (p.  243)  by  decarboxylation;  its  alkyl  iodide  addition  product 
yields  stable  quinolinium  hydroxides  (c/.  p.  230) ,  although  the  4 -alkoxy quinolines 
behave  in  this  respect  like  the  other  quinoline  derivatives  ( Howitz ,  Bdrlocher, 
Ber.  36,  456;  Decker,  Engler,  Ber.  36,  1169) .  Loretin,  a  substitute  for  iodoform, 
is  7-iodo-8-hydroxyquinoline-5-sulfonic  acid,  C6H(0H)I(S03H) :  (C3H3N)  {Claus, 
Bowmann,  J.pr.  55,  457). 

Like  the  naphthols,  the  Rz-quinolinols  are  converted  to  chlorinated  quinones 
by  treatment  with  chlorine  in  glacial  acetic  acid  according  to  the  Zincke  method ; 
these  behave  similarly  to  the  naphthalene  derivatives,  which  form  indenes,  in 
their  transformation  to  pyrindene  derivatives,  compounds  containing  condensed 
pyridine  and  indene  rings.  Thus,  by  a  series  of  steps,  6-quinolinol  and  chlorine 
yield  dichloroquinolinetrione  (I) .  When  boiled  with  water  this  gives  3-chloro-2- 
hydroxypyrindone  (II),  from  which  by  ring -fission  (dichloroacetyl)picolinic  acid 
(III)  is  obtained  ( Zincke ,  Ann.  290,  321) : 

/CO— CO  /C(OHL  /COCHCh 

(I)  C5H3N<  I  (II)  C5H3n/  3cci  -*  (III)  C5H3N< 

xCO— CC12  ^CO^  xCOOH 


Pyrindene  derivatives  have  also  been  synthesized  from  benzene  derivatives. 

5,7-Dioxo-6,7-dihydro-l,5-pyrindene-6-carboxylic  acid  ester, 


/CO 

C5H3N< 

XCO 


CHC02CH3 


from  quinolinic  acid  ester  with  acetic  ester  and  sodium  ( Bittner ,  Ber.  35,  1411). 

/C0\ 

6-Phenyl-2,5-pyrindene-5,7-dione,  C5H3N<(  >CHC6H5,  by  rearrangement 

xco/ 


of  benzylidenecinchomeronide,  OCO -CsHsN-CiCHCeHs,  the  condensation 
product  of  cinchomeronic  acid  anhydride  with  phenylacetic  acid  ( Fels ,  Ber.  37, 
2137).  2,4-Diphenyl-6,7-dihydro-l,5-pyrindene,  from  the  diketone,  which  is 
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formed  by  addition  of  cyclopentanonc  to  benzylidcncacetophenone  (chalcone), 
by  treatment  with  hydroxyl  amine  ( Stobbe ,  Volland,  Ber.  35,  3973) : 

/CH2.CH.CH(C6H5)  -CH2  NH2oh  /CH2-C==C(C6H5)— CH 

ch2<  I  I  — — >  ch2<  I  II 

xch2-co  coc6h5  \ch2-c=n^ - cc6h5 

The  quinolines  hydroxylated  in  the  pyridine  nucleus  are  weaker  bases  and 
phenolic  acids  than  the  Rs-quinolinols.  As  in  the  case  of  the  pyridols  (or  pyri- 
dones,  p.  239),  it  is  uncertain  whether  the  2-  and  4-quinolinols  have  the  hydroxy 
or  oxo  form.  Ethers  of  the  two  forms — e.g.,  carbostyril  and  pseudocarbostyril — 
can  be  obtained,  and  can  be  rearranged  to  one  another  (see  below,  and  Tschitschi- 
babin,  Jeletzky,  Ber.  57,  1158) : 


/CH=CH 

C6H4<  | 

xN=COR 


CH=CH 
and  C6H4<^  |  , 

XNR— CO 

yC(OR):CH  , 

C6H4<  |  and 

XN— CH 


c6h4A 


CO— CH 


XNR — CH 


Besides  the  ring -synthetic  methods  (p.  226),  2-  and  4-quinolinols  are  obtained, 
according  to  Camps  (Z. physiol. Chem.  33,  400;  Ber.  32,  3228),  by  digesting  N- 
acetyl-o-aminoacetophenone  with  lye.  N-Acetyl-o-aminoacetophenone  gives 
both  2-  and  4-hydroxy  derivatives: 


C6H4< 


CO-CH 

NH-CCH3 


/COCH3 

c6h4< 

xNHCOCH3 


✓C(CH3)  :CH 
C6H4<  | 

XNH - CO 


With  appropriate  starting  materials,  this  synthesis  can  also  be  used  for  the 
preparation  of  hydroxyquinolinecarboxylic  acids  (see  below) . 

Hydroxyl  groups  are  easily  introduced  into  quinoline  and  its  homologues  by 
heating  them  with  barium  or  potassium  hydroxide  to  the  boiling  point  ( Tschit - 
schibabin,  Ber.  56,  1879;  Ger.  Pat.  406208,  1922,  Frdl.  XIV,  515) : 


AA 


!H  H!OK 


2-Quinolinol,  carbostyril,  m.p.  199°,  the  lactime  or  lactam  of  o- 
aminocinnamic  acid,  is  prepared  by  reduction  of  o-nitrocinnamic 
acid  ( Friedlander ,  Ostermaier,  Ber.  14,  1916).  It  is  also  obtained 
from  o-acetamidobenzaldehyde  (I)  with  aqueous  sodium  hydroxide, 

/CHO  CH3  /COOH 

(I)  Cell/  |  C6II4<  (II) 

XNH— CO  XNH  •  CO  •  C02H 


from  2-chloroquinoline  by  heating  with  water,  and  from  quinoline 
by  warming  with  calcium  oxychloride  solution  ( Roos ,  Ber.  21,  619) 
or  by  boiling  with  barium  or  potassium  hydroxide  ( T schitschibabin, 
Ber.  56,  1879).  Its  salts  with  alkalis  and  acids  are  decomposed  by 
water.  Potassium  permanganate  oxidizes  it  to  N-oxalylanthranilic 
acid  (II),  and  Na  and  alcohol  reduce  it  to  tetrahydroquinoline. 

Carbostyril  methyl  ether,  b.p.  247°,  ethyl  ether,  b.p.  256°,  are  oils,  produced  by 
the  action  of  alkyl  iodides  on  the  Na  or  Ag  salt  of  carbostyril,  from  2-chloroquino¬ 
line  with  sodium  alcoholates,  and  also  from  o-aminocinnamic  acid  esters  with 
alcoholic  zinc  chloride.  N-M ethyl-2 (l)-quinolone,  pseudocarbostyril  methyl  ether, 
m.p.  71  °,  ethyl  ether,  m.p.  54°,  are  formed  from  alkyl  iodides  with  free  carbostyril, 
and  also  from  methyl-  and  ethylquinolinium  iodide  with  sodium  hydroxide  solu- 
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tion  and  potassium  ferricyanide  (c/.  p.  230).  N-Methylquinolone  is  also  pre¬ 
pared  by  heating  ethoxy  quinoline  with  methyl  iodide  ( Knorr ,  Ber.  30,  930). 
With  P2S6  it  gives  N -methylthioquinolone,  C9H6SN(CH3),  m.p.  118°  ( Gutbier , 
Ber.  33,  3358). 

8-Nitrocarbostyril,  m.p.  168°,  is  obtained  from  nitrocoumarin  with  alcoholic 
NH3;  for  isomeric  nitrocarbostyrils,  see  Decker,  J.pr.  64,  85;  Decker,  Stavrolo- 
poulos,  J.pr.  68,  100.  2,6-Quinolinediol,  6-hydroxycar-bostyril,  m.p.  over  300°, 
by  condensation  of  o-amino-?n-hydroxycinnamic  acid,  which  results  from  the 
electrolytic  reduction  of  o-nitrocinnamic  acid. 

3- Quinolinol,  ( Bargellini ,  Settimj,  Gazz.  53,  601),  m.p.  198°,  from  diazotized 
3-aminoquinoline  {Mills,  Watson,  J.  97,  741).  2-Methyl -3 -quinolinol,  3-hy¬ 
droxy  quinaldine,  has  been  prepared  by  the  condensation  of  o-aminobenzaldehyde 
and  chloroacetone  in  aqueous  sodium  hydroxide  {Koenigs,  Stockhausen,  Ber.  35, 
2554) . 

4- Methylcarbostyril,  4-methyl -2-hydroxyquinoline,  or  2-lepidone,  C9H6- 
(CH3)ON,  m.p.  223°,  b.p.  270°  (17  mm.),  from  4-methylquinoline  by  heating 
with  caustic  alkali  {Tschitschibabin,  Ber.  56,  1879;  Ger.  Pat.  406208,  1922,  Frdl. 
XIV,  515)  or  from  the  anilide  of  acetoacetic  ester  (p.  228) ;  its  lactime  ether,  2- 
methoxy -4-methylquinoline,  b.p.  276°,  from  2-chlorolepidine  with  NaOCH3; 
its  lactam  ether,  N-methyl-2(l)-lepidone,  m.p.  131°,  from  acetoacetic  ester  and 
methylaniline  (p.  229)  or  from  ethoxy lepidine  by  heating  with  methyl  iodide 
{Knorr,  Ber.  30,  931).  7-Amino-2(l)-lepidone,  m.p.  270°,  from  ra-phenylene- 
diamine  and  acetoacetic  ester  {Besthorn,  Byvanck,  Ber.  31,  798).  2,2 '-Dihy¬ 
droxy-4,4 '-dimethylbiquinoline  or  bilepidone,  [C9H5(CH3)ON]2,  from  benzidine 
and  acetoacetic  ester  {Heidrich,  Mo.  19,  690). 

4-Quinolinol,  kynurine,  C9H7ON(  +  3H20),  m.p.  201°,  is  prepared  by  heat¬ 
ing  kynurenic  acid  (p.  242)  and  by  oxidation  of  cinchonine  or  cinchoninic  acid 
{Skraup,  Mo.  10,  726).  It  is  also  synthesized  from  N -formyl -o-aminoaceto- 
phenone  by  the  methods  given  on  p.  227  {Camps,  Z. physiol. Chem.  33,  402). 
With  PC15  it  gives  4-chloroquinoline  (p.  235),  from  which  4-methoxyqui noline, 
m.p.  31°,  b.p.  245°,  is  obtained  with  sodium  methylate.  The  latter,  which  is 
also  formed  from  4-quinolinol  with  diazomethane,  rearranges  when  heated  to  300- 
310°  to  N-methyl-4(l)-quinolone,  m.p.  143°  {Meyer,  Mo.  27,  255). 

2 -Methyl -4 -quinolinol,  4-hydroxyquinaldine,  4(l)-quinaldone,  C9H6(CH3)ON 
(+2H20),  m.p.  231°,  from  acetoacetic  ester  anil  (p.  229),  also  forms  two  iso¬ 
meric  ethers:  4 -methoxy quinaldine,  b.p.  298°,  and  N-methylquinaldone,  m.p. 
175°  {Conrad,  Eckhardt,  Ber.  22,  78).  With  methyl  iodide  both  ethers  give  the 
same  quinolinium  salt : 


.C(OCH3)=CH 
\N  (ICH,)=C  •  CHg 


which  yields  N-methylquinaldone  when  treated  with  alkali  {Knorr,  Ber.  30,  922)  ; 
cf.  the  similar  behavior  of  the  antipyrines,  pyridones,  etc.,  pp.  106,  209). 

Both  isomers,  quinaldone  and  lepidone,  are  produced  from  o-acetamidoaceto- 
phenone  with  aqueous  sodium  hydroxide  according  to  the  reaction  formulated  on 
p.  227. 

6-Quinolinol,  m.p.  195°  [Scheunemann ,  Arch. exptl. Path. Pharm.  100  (1924), 
51].  8-Quinolinol,  m.p.  95°  (Brit.  Pat.  198462,  1922).  The  ability  of  8-quino- 
linol  to  form  very  sparingly  soluble  complex  salts  with  most  metal  salts  is  used 
for  its  detection  and  separation  [Berg,  J.pr.  115,  178;  Z. anal. Chem.  70  (1927), 
341). 

Two  alkaloids  of  the  angostura  bark,  galipine  and  cusparine  (p.  350),  are  de¬ 
rivatives  of  4-quinolinol  {Spdth,  Z.angew.Chem.  1928,  1259;  Mo.  42,  89). 

4,6-Quinolinediol,  is  prepared  by  saponification  of  6 -methoxy -4 -quinolinol, 
which  is  obtained  from  6 -methoxy -4-aminoquinoline  with  nitrous  acid  {Hirsch, 
Mo.  17,  327). 

2.3- Quinolinediol,  m.p.  258°,  from  N-oxalyl-o-toluidine  by  fusion  with  sodium 
alcoholate  {Madelung,  Ber.  45,  3524)  or  by  enlarging  the  indole  ring  in  isatin  by 
the  action  of  diazomethane  in  ethereal  solution  {Heller,  Ber.  59,  704). 

2.4- Quinolinediol,  4 -hydroxycarbostyril,  sublimable,  is  formed  from  4-bromo- 
carbostyril  with  KOH,  from  o-aminophenylpropiolic  acid  by  warming  with  sulfuric 
acid  from  anthranilic  acid  ester  by  condensation  with  acetic  ester  or  malonic 
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ester  and  sodium  ( Erdmann ,  Ber.  32,  3570)  and  from  o-acetylanthranilic  acid 
ester  with  sodium  [Camps,  Arch.Pharin.  237  (1900),  659;  Ger.  Pat.  117167, 
1900).  It  also  results  from  carbostyril  by  energetic  treatment  with  caustic 
potash  (Ger.  Pat.  406208,  1922).  It  couples  with  diazo  compounds  to  give  azo 
dyes  (Ger.  Pat.  165327,  1904). 

METHYLENEDIH  YDROQUINOLINES  or  quinolone  methides  are  very 

reactive.  They  correspond  to  the  methylenedihydropyridines  or  pyridone  meth¬ 
ides  and  are  prepared  similarly  from  1 -alkyl-2-  and  4-methylquinolinium  iodides 
or  sulfates  by  the  action  of  alkali.  The  simplest  members  of  this  group  are 
shown  in  the  following  equations  ( Rosenhauer ,  Ber.  59,  946): 


/v\ 

/X 

H,C  O-SOjCHj 


KOH 


\/w 


=ch2 


CH, 


CHS 

x/W 

/X 

h3c  o-so*ch, 


KOH 


CH 

aA 

\/\N 
CH 


j/ 


These  very  reactive  methylene  compounds  occur  as  intermediate  products  in 
the  formation  of  cyanine  and  pinacyanole  dyes  (p.  234). 

1  -Methyl -2-methylene -1 ,2-dihy droquinoline ,  l-methyl-2-quinolone  methide , 
bright  yellow,  m.p.  72°.  Analogous  bases  from  1,2,4-trimethyl-  and  1, 2,4,6- 
tetramethylquinolinium  iodide,  bright  yellow,  m.p.  60°  and  45°.  Reduction  of 
its  3-nitroso  derivative  gives  2,3,4-quinolinetriol,  which  is  oxidized  by  ferric 
chloride  to  quinisatinic  acid  and  quinisatin  or  quinolinetrione  ( Baeyer ,  Homolka, 
Ber.  17,  985). 

AMINOQUINOLINOLS.  2-Amino-4-quinolinol,  m.p.  304°  (not  sharp),  by 

isomerization  of  a-cyano-o-aminoacetophenone  ( Gabriel ,  Ber.  51,  1500). 

Plasmochin  is  8- (a -methyl-5 -diethylaminobutyl) -6 -methoxy  quinoline  ( Zernik , 
Pharm.Zentralhalle  68,  70).  It  has  a  specific  action  against  malaria  parasites, 
especially  against  the  sexual  forms,  the  gametes,  which  are  only  slightly  affected 
by  quinine.  It  is  usually  used  in  combination  with  quinine  as  plasmochin  com¬ 
position  { Horlein ,  Naturwiss.  14  (1926),  1154;  Miihlens,  ibid.,  1162]. 

Mercaptoquinolines  are  usualR  obtained  from  the  reaction  of  the  corresponding 
chloroquinolines  with  thiourea  ( Rosenhauer ,  Hoffmann,  Heuser,  Ber.  62,  2730). 

2-Quinolinethiol,  yellow,  m.p.  175°,  and  6-methyl-2-qmnolinethiol,  m.p. 
210°,  from  2-chloroquinoline  and  2-chlorotoluquinoline  with  KSH  ( Fischer ,  Ber. 
32,  1305)  or  thiourea  ( Rosenhauer ,  Hoffmann,  Heuser,  Ber.  62,  2730). 

2-Phenyl -4-quinolinethiol,  m.p.  176°,  from  the  corresponding  chloroquinoline 
{John,  J.pr.  119,  49). 

QUINOLINECARBOXALDEHYDES  AND  QUINOLINE  KETONES.  8- 

Quinolinecarboxaldehyde,  CHO-C6H3(C3H3N),  m.p.  95°,  see  Howitz,  Schwenk, 
Ber.  38,  1280.  2-Quinolinecarboxaldehyde,  m.p.  71°,  is  obtained  from  2- 
quinolineacrylic  acid  (p.  233)  with  KMn04;  its  oxime,  m.p.  189°,  from  o-amino- 
benzaldehyde  with  isonitrosoacetone  according  to  method  2  (p.  226;  Pfitzinger 
J.pr.  66,  264).  For  the  preparation  of  diphenyl-2-quinolylmethane  dyes,  see 
Dey,  Dutt,  J.IndianChem.Soc.  5  (1929),  535. 

Py-Quinoline  ketones  are  prepared  according  to  method  2,  p.  226,  from  o- 
aminobenz aldehyde  with  /3 -diketones.  4-Quinoline  ketones  have  also  been  ob¬ 
tained  from  cinchoninic  acid  esters  with  Grignard  reagents  or  from  the  condensa¬ 
tion  product  of  acetoacetic  ester  with  acetic  ester  by  ketone  fission  {Robe,  Paster¬ 
nack,  Kindler,  Ber.  50,  144).  3-Acetylquinaldine,  C9H6N(CH3)(COCH3),  m.p. 
57.5°  ( Eliasberg ,  Friedlander,  Ber.  25,  1756).  3-Benzoylquinaldine,  C9H5- 
(CH3) (COC6H5),  m.p.  62°  {Stark,  Ber.  42,  715).  3-Acetylcarbostyril,  C#H6N- 
(COCH3)0,  m.p.  232°,  from  o-aminobenzaldehyde  and  acetoacetic  ester  {Fried- 
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lander,  Gohring,  Ber.  16,  1838).  2-Benzoylquinoline,  (C9H6N)COC6H5,  m.p. 
111°,  from  quinaldic  acid  chloride  with  CeH6  and  AICI3  ( Besthorn ,  Ber.  41, 2001). 
4-Acetoacetylquinoline,  C9H6N(COCH2COCH3),  m.p.  65°,  b.p.  206°  (17  mm.), 
from  cinchoninic  acid  ester  (see  below),  acetone  and  sodium  ethylate,  condenses 
with  phenylhydrazine  to  phenylquinolylmethylpyr azole ,  m.p.  120°,  and  with  2 
mols  of  o-aminobenzaldehyde  to  diquinolylquinoline  (p.  234).  4-Quinoline  pyrryl 
lrptonp  ( Karrer  Bor  SO  14QQ^ 

QUINOLINECARBOXYLIC  ACIDS.  The  quinolinecarboxylic  acids  behave 
like  aminocarboxylic  acids.  Those  substituted  in  the  benzene  ring  are  synthe¬ 
sized  from  the  aminobenzoic  acids  ( Niementowski ,  Orzechowski,  Ber.  28,  2809) ; 
they  are  also  prepared  by  oxidation  of  52-alkylquinolines  with  chromic  acid  or 
by  hydrolysis  of  their  nitriles,  which  are  readily  obtained  by  distillation  of  the 
corresponding  sulfonic  acids  with  KCN.  The  Pv/-quinolinecarboxylic  acids  are 
formed  by  oxidation  of  P^/-alkylquinolines  with  chromic  acid  mixture;  alkyl 
groups  in  the  4-position  are  oxidizd  most  readily,  those  in  the  3 -position  less 
readily,  and  those  in  the  2-position  with  the  most  difficulty  (v.  Miller,  Ber.  23, 
2254)  (p.  230) .  Methyl  groups  in  the  2-position  can  be  rendered  easier  to  oxidize 
by  preliminary  condensation  with  formaldehyde  (p.  232).  Numerous  Py-quino- 
linecarboxylic  acids  have  been  obtained  by  ring -synthesis  according  to  the 
Skraup  or  Dobner -Miller  methods  (see  p.  227).  When  heated,  the  carboxylic 
acids  lose  C02,  and  yield  the  corresponding  quinolines.  Those  containing  a  car¬ 
boxyl  group  in  the  2-position  are  colored  red -yellow  by  ferric  sulfate. 

8-Quinolinecarboxylic  acid  (for  the  numbering,  see  the  formula,  p.  226), 
m.p.  187°;  7-acid,  m.p.  248°;  6-acid,  m.p.  291°;  and  5-acid,  m.p.  360°  ( Lell - 
mann,  Alt,  Ann.  237,  325;  Skraup,  Brunner,  Mo.  7,  139;  Tortelli,  Atti  accad. 
Lincei  1886,  523;  v.  Jakubowski,  Ber.  43,  3026) . 

QUINALDIC  ACID,  2-quinolinecarboxylic  acid  (+  2H20),  m.p.  156°  (dec.), 
methyl  ester  m.p.  86°,  from  quinaldine  or,  more  advantageously,  from  the 
condensation  product  of  quinaldine  with  formaldehyde  (p.  232)  ( Besthorn ,  Ibele, 
Ber.  39,  2329) ,  is  converted  by  heating  with  acetic  or  benzoic  anhydride,  with  loss 
of  C02,  into  a  red  dye,  very  sensitive  to  light  ( Besthorn ,  Ibele,  Ber.  38,  2127). 
Quinaldic  acid  chloride,  m.p.  97°  ( Besthorn ,  Ibele,  Ber.  39,  2330). 

3 -Quinoline carboxylic  acid,  m.p.  273°,  is  obtained  from  acridinic  acid  (see 
below)  ( Doebner ,  v.  Miller,  Ber.  18,  1640). 

CINCHONINIC  ACID,  4-quinolinecarboxylic  acid,  crystallizing  with  1  or  2 
mols  H20,  m.p.  254°,  was  first  obtained  by  oxidation  of  cinchonine  with  KMn04 
or  HNO3;  it  has  been  synthesized  by  condensation  of  isatinic  acid,  acetaldoxime, 
and  aqueous  sodium  hydroxide  ( Pfitzinger ,  J.pr.  66,  263).  Chloride,  m.p.  68° 
( Spath ,  Spitzer,  Ber.  59,  1477) ;  anhydride,  m.p.  245°;  amide,  m.p.  177°  {Meyer, 
Rec.  44,  323) .  Its  nitrile,  m.p.  95°,  is  prepared  from  N-methjddihydrocinchoninic 
acid  nitrile,  the  reaction  product  of  methylquinolinium  iodide  with  KCN  (p. 
231),  by  oxidation  with  alcoholic  iodine  solution  and  decomposition  of  the  result¬ 
ing  methyl  iodide  addition  product  of  cinchoninic  acid  nitrile  by  heat  {Kaufmann, 
Widmer,  Ber.  44,  2058;  Kaufmann,  Ber.  51,  119) .  The  acid  is  readily  converted 
to  quinoline.  It  is  oxidized  by  KMn04  to  2,3,4-pyridinetricarboxylic  acid.  With 
nitric  acid -sulfuric  acid  it  is  nitrated  to  5-nitrocinchoninic  acid,  which  is  reduced 
wdth  ammonium  sulfide  to  5-aminocinckoninic  acid.  This  acid  readily  yields  an 
anhydride  (analogous  to  pen-naphthostyril,  Vol.  Ill,  p.  635),  m.p.  255°  {Koenigs, 

yNH 

Lossow,  Ber.  32,  717) :  CbH5N<(  | 

xCO 


Alkylcinchoninic  acids  result  from  the  condensation  of  aldehydes  with  pyruvic 
acid  and  anilines  {Dobner,  Ann.  249,  98;  Dobner,  Fettback,  Ann.  281,  1;  Borsche, 

XOCOOH 

Ber.  42,  4072)  (p.  228) ,  and  also  from  isatic  acid,  CeH4<^  ,  according  to 

\nh2 

method  2  (p.  226)  {Pfitzinger,  J.pr.  56,  283;  Engelhard,  J.pr.  57,  467;  Pfitzinger , 
J.pr.  66,  263).  Benzocinchoninic  acids  are  similarly  formed  from  pyruvic  acid, 
aldehydes,  and  2-naphthylamine  in  ether  solution.  Because  of  the  rapidity  of  the 
reaction  it  may  be  used  for  the  interception  of  pyruvic  acid  as  an  intermediate 
product  in  the  fermentation  of  sugar  [Cagan,  Z.angew.Chem.  39  (1926),  951] . 

2-Methylcinchoninic  acid,  aniluvitoninic  acid  (+  H20),  m.p.  242°,  is  also 
obtained  from  pyruvic  acid  and  aniline  {Beyer,  Ber.  20,  1769)  (c/.  p.  228)  and 
from  isatinic  acid  with  acetone.  2-Phenylcinchoninic  acid,  m.p.  209°,  from  ani- 
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line,  benzaldehyde,  and  pyruvic  acid  or  isatinic  acid  and  acetophenone,  is  used 
under  the  name  cinchophen  (atophan)  as  an  antineuralgic  agent  and  gout  remedy. 
According  to  J.  v.  Braun  {v.  Braun,  Brauns,  Ber.  60,  1253),  the  pharmacological 
action  is  related  to  the  3-  or  4-position  of  the  carboxyl  group.  Cf.  the  investiga¬ 
tions  on  tetrophan  (v.  Braun,  Ann.  451,  1).  Chloride,  m.p.  81-82°  [Rojahn, 
Schulten,  Arch.Pharm.  264  (1926) ,  348] .  Heating  with  soda  lime  gives  2-phenyl- 
quinoline  {John,  Ber.  59,  2709) .  For  hydrogenation  products  of  cinchophen,  see 
Skita,  W uljf,  Ber.  59,  2683.  Novatophan,  ethyl  ester  of  cinchophen.  Arcanol, 
cinchophen  +  aspirin.  3-Methyl-  and  3-phenylcinchoninic  acid,  m.p.  254°  and 
273°,  from  isatinic  acid  with  propionaldoxime  and  phenylacetaldoxime,  respec¬ 
tively  (Hiibner,  Ber.  39,  982;  Ornstein,  Ber.  40,  1088).  2,3-Diphenyl-  and  2,3- 
dimethylcinchoninic  acid,  m.p.  295°  and  316°  (dec.)  {Pfttzinger,  J.pr.  56,  283). 

Quinaldine -3 -carboxylic  acid,  2-methylquinoline-S-carboxylic  acid,  m.p.  234° 
(dec.),  is  prepared  from  o-aminobenzaldehyde  and  acetoacetic  ester  {cf.  p.  226) 
{Claus,  Momberger,  J.pr.  56,  373). 

Lepidine-2-carboxylic  acid,  4c~methylquinoline-2-carboxylic  acid ,  m.p.  153-154°, 
from  4-methyl-2-quinolineethanol  (p.  232)  by  oxidation  and  loss  of  CO2  ( Koenigs , 
Mengel,  Ber.  37,  1322). 

ACRID1RIC  ACID,  2, 3 -quinoline dicarboxy lie  acid,  crystallizing  with  1  or  2 
H20,  dec.  120-130°,  is  the  product  of  the  oxidation  of  acridine  with  KMn04,  as 

2,3-pyridinedicarboxylic  acid  is  the  product  from  quinoline.  Diethyl  ester,  m.p. 
55°,  from  o-aminobenzaldehyde  and  oxaloacetic  ester  {Roller,  Strang,  Mo.  50, 
48;  Hozer,  v.  Niementowski,  J.pr.  116,  43).  Anhydride,  m.p.  223°. 

2.4- Quinolinedicarboxylic  acid,  m.p.  246°  (dec.),  is  prepared  from  2-styryl- 
cinchoninic  acid  {Doebner,  Peters,  Ber.  22,  3009)  by  oxidation  with  KM11O4  and 
from  isatic  acid  with  pyruvic  acid  {Pfitzinger,  J.pr.  56,  308). 

3.4- Quinaldinedicarboxylic  acid,  C9H4(CIl3)N(COOH)2,  from  isatic  acid  and 
acetoacetic  ester;  2-  phenyl-3, 4-quinolinedicarboxylic  acid,C9H4(C6H6)N  (COOH)2, 
from  isatic  acid  with  benzoylacetic  ester;  3-carboxymethylquinaldine-4-carboxylic 
acid,  C9H4(CH3)N (CH2COOH)  (COOH),  from  isatic  acid  with  levulinic  acid,  etc. 
{Engelhard,  J.pr.  57,  467). 

HYDROXY  QUINOLINE  CARBOXYLIC  ACIDS.  2-Hydroxyquinoline -3 -car¬ 
boxylic  acid,  m.p.  over  320°  (dec.),  from  o-aminobenzaldehyde  and  malonic  acid 
(p.  226).  2-Hydroxycinchoninic  acid,  m.p.  343°  {Aeschlimann,  J.  1926,  2902), 
is  obtained  by  fusion  of  cinchoninic  acid  with  KOH  {cf.  hydroxy  quinolinic  acid, 
p.  217),  by  inner  condensation  of  N-acetylisatic  acid  (I)  and  from  isatin  and 
malonic  acid  under  various  reaction  conditions  {Aeschlimann,  J.  1926,  2902). 
The  silver  salts  of  both  acids  decompose,  when  heated,  into  C02  and  carbo- 
styril.  The  local  anesthetic  percaine  is  a  derivative  of  2-hydroxyquinoline-4- 
carboxylic  acid  (II)  {Mayer,  Chem.Z.  1930,  Fortschrittsber.  p.  4). 


CO  •  NH  •  CH2  •  CH2  •  N(C2H5)2 


/y\ 

'  OC4H9 


(II) 


(I) 


Kynurenic  acid,  4-hydroxyquinoline-2-carboxyIic  acid  (+  H20),  m.p.  289° 
{Homer,  J.Biol.Chem.  17,  509;  Besthorn,  Ber.  54,  1330;  Spdth,  Mo.  42,  89). 
occurs  in  the  urine  of  dogs  after  the  ingestion  of  meat.  It  is  also  formed  by  the 
rearrangement  of  the  primary  disintegration  product  of  albumen,  tryptophan  (p. 
67)  (reaction  mechanism:  Ellinger,  Matsuoka,  Z. physiol. Chem.  109,  259;  Mat- 
suoka,  Takemura,  Yoshimatsu,  ibid.,  143,  199).  It  has  been  synthesized  from  N- 
oxalyl-o-aminoacetophenone  by  boiling  with  aqueous  sodium  hydroxide  {Camps, 
Z.  physiol.  Chem.  33,  404) .  Methyl  ester,  m.p.  224°.  It  is  converted  by  catalytic 
hydrogenation  over  4-chloroquinoline-2-carboxylic  acid  to  2-quinolinecarboxylic 
acid.  When  fused  with  alkali  it  decomposes  to  C02  and  kynurine,  4-quinolinol 
(p.  239) ;  on  oxidation  it  yields  kynuric  acid  or  oxalylanthranilic  acid.  For  the 
synthesis  of  several  methyl  homologues  of  kynurenic  acid,  see  Robson,  Biochem. 
J.  22,  (1928) ,  1157.  It  is  remarkable  that  8-methylkynurenic  acid  is  metabolized 
in  the  body  [Robson,  Biochem. J.  22  (1928),  1165].  4 -Hy droxy quinoline -3 -car¬ 

boxylic  acid  is  prepared  from  o-formamidophenylpropiolic  acid  ester  by  boiling 
with  aqueous  sodium  hydroxide. 
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Xanthoquinic  acid,  6 -hydroxyquinoline -4 -carboxylic  acid  (-f  H20),  m.p. 
320°  (dec.),  is  obtained  from  6-sulfocinchoninic  acid  by  fusion  with  alkali.  Its 
6-methyl  ether  is  called  quininic  acid,  C9H5(OCH3)  (COOH)N,  m.p.  280°,  and  is 
formed  from  quinine  and  quinidine  by  oxidation  with  chromic  acid  mixture.  It 
has  been  synthesized  by  the  Dobner-Miller  reaction  from  p-anisidine,  pyruvic  acid, 
and  formaldehyde  ( Pictet ,  Misner,  Ber.  45,  1800). 

4 -Hydroxyquinoline -3 -carboxylic  acid,  C9H5(CH3)ON(COOH),  m.p.  245° 
(dec.),  is  produced  by  the  condensation  of  anthranilic  acid  with  acetoacetic  ester 
( v .  Niementowski,  Ber.  27,  1396) . 

2-Hydroxyquinoline-4-acetic  acid,  (C9H60N)CH2COOH,  m.p.  206°  (dec.),  is 
obtained  by  the  condensation  of  /3-ketoglutaric  acid  dianilide  by  means  of  sulfuric 
acid.  .Bz-Amino-2-hydroxyquinoline-4-acetic  acid  is  similarly  prepared  ( Besthorn , 
Garben,  Ber.  33,  3439). 

DIHYDROXY  QUIN  OLINECARBOXYLIC  ACIDS.  2,4-Dihydroxyquinoline- 
3-carboxylic  acid  methyl  ester,  m.p.  204°,  from  anthranilic  acid,  malonic  ester 
and  sodium  ethylate  at  150  °  ( Roller ,  Ber.  60,  1108) .  The  free  acid  is  immediately 
decarboxylated  to  2,4-quinolinediol. 


Hydroquinolines 


1.2- Dihydroquinolines  or  A3-dihydroquinolines  have  been  obtained  up  to  the 
present  time  only  in  bimolecular  or  polymolecular  form,  by  the  reduction  of 
quinolines  with  zinc  dust  and  hydrochloric  acid,  together  with  tetrahydroquino- 
lines  ( Heller ,  Ber.  44,  2106),  and  by  electrolytic  reduction.  In  this  form  they 
cannot  be  reduced  to  tetrahydroquinolines,  but  they  are  readily  oxidized  back  to 
the  corresponding  quinolines  with  Cr03,  HgO,  and  the  like.  Dihydroquinaldine, 
dimeric  form  [C9H8N(CH3)]2,  m.p.  178°.  8-Methyl-l,2-dihydroquinoline,  m.p. 
144°.  2,8-Dimethyl-l,2-dihydroquinoline,  m.p.  217°. 

1.2- Dialkyl-  and  l,2,2-trialkyl-l,2-dihydroquinolines  are  formed  by  the  action 

of  alkylmagnesium  halides  on  1-alkylquinolinium  iodides  (p.  231).  They  are 
monomolecular  and  are  reduced  by  tin  and  hydrochloric  acid  to  tetrahydroquino¬ 
lines  ( Freund ,  Kessler,  J.pr.  98,  233).  1,2-Dimethyl-  and  1 -methyl -2-ethyl-l, 2- 
dihydroquinoline,  b.p.  258°  and  266°.  1-Methyl -2-phenyl-l,2-dihydroquinoline, 
m.p.  90°  ( Meisenheimer ,  Stotz,  Bauer,  Ber.  58,  2320),  is  oxidized  by  KMn04  to 
1  -methylbenzoylanthranilic  acid .  1 ,2, 2-Trimethyl -2-phenyl-l ,2-dihydroquino- 

line,  b.p.  274  °.  Dihydroquinolines  presumably  occur  as  intermediate  products  in 
the  Dobner-Miller  synthesis  for  quinolines  (p.  227) ,  but  because  of  their  instability 
cannot  generally  be  isolated.  When  the  reaction  mixture  from  the  condensation 
of  aniline  and  pyruvic  acid  is  treated  with  formaldehyde,  derivatives  of  2-methyl- 

1,2-dihydrocinchoninic  acid,  the  hydroglauconic  acids,  with  the  probable  struc¬ 
ture: 


CH 


C6H3 


C(COOII)  :CH 


NH- 


-CH(CH3)J 


are  formed.  In  alkaline  solution  they  are  oxidized  by  the  air  to  glauconic  acids, 
blue  mordant  dyes,  which  are  somewhat  similar  in  structure  to  the  triphenyl- 
methane  dyes  (Vol.  Ill,  p.  525)  ( cf .  Doebner,  Ber.  31,  686;  33,  677). 

For  Bz-hydroxy-2,3,3-trimethyl-l,2-dihydroquinoline, 

/C(CH3)2-CH2 
C6H3(OH)<  -  I 

\n=cch3 

* 

from  w-aminophenol  and  mesityl  oxide,  see  v.  Pechmann,  Schwarz,  Ber.  32, 
3701. 

The  N-alkyl  ethers  of  the  quinolinols  (p.  238)  are  derivatives  of  oxodihydro- 
quinolines  or  quinolones.  The  quinolone  methides  are  methylenedihydroquinolines. 

TETRAHYDROQUINOLINES.  When  quinoline  derivatives  are 
reduced  with  tin  and  hydrochloric  acid,  sodium  and  alcohol, 
3%  sodium  amalgam  ( Ciusa ,  Barattini,  Gazz.  56,  131)  or  hydrogen 
and  nickel  at  160-180°  ( v .  Braun ,  Ber.  55,  3779),  1,2,3,4-tetrahydro- 
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quinolines  are  produced.  When  quinolines  alkylated  in  the  pyridine 
nucleus  are  reduced,  5,6,7,8-tetrahydroquinolines  in  varying  amounts 
are  also  formed.  This  is  an  indication  that  the  point  of  hydrogen 
addition  is  determined  by  the  constitution  of  the  substance  hydro¬ 
genated  {v.  Braun ,  Ann.  478,  176). 

Reduction  changes  the  chemical  nature  of  the  quinoline  derivatives 
materially.  The  tetrahydroquinolines  behave  like  secondary  aliphatic- 
aromatic  amines.  With  nitrous  acid  they  form  N-nitrosoamines, 
which  rearrange  readily  to  6-nitrosotetrahydroquinolines;  with 
benzenediazonium  salts  they  give  diazoamino  compounds,  which 
yield  6-azo  derivatives  by  rearrangement,  etc.  This  change  in  the 
character  of  quinoline  is  similar  to  that  of  the  indoles  on  conversion 
to  dihydroindoles  (p.  71). 

Tetrahydroquinolines  are  oxidized  to  quinolines  by  chromic  acid, 
silver  acetate,  mercuric  nitrate,  or  iodine  [Tafel,  Ber.  27, 824;  Schmidt, 
Arch.  Pharm.  237  (1900),  561]. 


As  in  the  case  of  piperidine  (p.  220),  the  piperidine  ring  of  tetrahydroquinoline 
is  opened  by  treatment  of  the  N-benzoyl  derivative  with  PC15,  or  of  the  N-alkyl 
derivatives  with  cyanogen  bromide,  derivatives  of  o-propylaniline  being  formed 
{v.  Braun,  Ber.  37,  2921;  42,  2219) : 


C6Il/ 

\ 


,ch2  ch2 

/CH2  •  ch2  •  CII2C1 

1  — 

— >  c6h4< 

"N(COC6H5)-CH2 

s'N:C(C1)C6H6 

/CH2— ch2 

/CH2  •  CH2  •  CH2Br 

C6II4<  |  — 

— >  c6h4< 

xN(R)-CH2 

VN(R)CN 

The  Hofmann  decomposition  reaction,  however,  does  not  apply  to  the  tetra¬ 
hydroquinolines  (v.  Braun,  Ber.  42,  2533).  For  the  cleavage  of  the  tetrahydro¬ 
quinoline  ring  by  reduction  of  the  quaternary  ammonium  salts,  see  v.  Braun,  Ber 
55,  3803. 

1.2.3.4- Tetrahydroquinoline,  C9HnN,  b.p.  244°,  a  liquid  at  ordinary  tempera¬ 
tures,  is  produced  by  intermoleular  alkylation  of  2-(y-chloropropyl)aniline,  NH2- 
[1]C6H4[2]CH2CH2CH2C1  ( v .  Braun,  Steindorff,  Ber.  38,  583),  and  by  reduction 
of  quinoline  and  2-  and  4-chloroquinoline  with  Fe  and  hydrochloric  acid  and  of 
carbostyril  with  sodium  and  alcohol  ( Bamberger ,  Lengfeld,  Ber.  23,  1142).  It  is 
readily  dehydrogenated  to  quinoline  with  nitrobenzene,  iodine,  mercuric  acetate, 
or  metallic  nickel.  Further  hydrogenation  yields  hexahydro-  and  decahydro- 
quinoline  (see  below).  With  nitrous  acid  it  forms  a  nitroso  derivative,  which  re¬ 
arranges  readily  to  6-nitrosotetrahydroquinoline,  m.p.  124°  ( Hofmann ,  Konigs, 
Ber.  16,  732) .  With  benzoyl  chloride  it  gives  1-benzoyltetrahydroquinoline,  m.p. 
75°,  and  with  methyl  iodide,  1-methyltetrahydroquinoline,  kairoline,  C9PIi0N*- 
CH3,  b.p.  245°,  which,  like  kairine,  the  hydrochloride  of  1 -methyl-1, 2, 3, 4- 
tetrahydroquinoiinol-2,  C9Pl9(OPI)N-CH3,  m.p.  114°,  and  thalline,  the  sulfate  of 
6-methoxytetrahydroquinoline,  C9H9(OCH3)NH,  m.p.  42°,  b.p.  283°,  acts  as  a 
febrifuge.  The  N -oxide  of  kairoline  has  been  resolved  into  optically  active  com¬ 
ponents  ( Meisenheimer ,  Ann.  385,  134;  cf.  Vol.  I,  p.  268). 

1.2.3.4- Tetrahydroquinoline  is  converted  by  oxidation  with  KMn04  in  acetone 
solution  to  lR'^^'jSjSkdjd'-octahydro-ljl'-biquinoline,  m.p.  142°;  this 
undergoes  a  benzidine  rearrangement  when  its  ethereal  solution  is  shaken  with 
aqueous  hydrochloric  acid,  forming  octahydro-6, 6 '-bi quinoline,  m.p.  129° 
(Wicland,  Ber.  53,  1336). 

1.2.3.4- Tetrahydrotoluquinoline,  CH3C6H3:  (C3H7N),  b.p.  257°,  is  prepared  by 
boiling  toluidine  with  l-bromo-3-chloropropane  ( Bamberger ,  Wulz,  Ber.  24, 
2061;  Pinkus,  Ber.  25,  2805) : 

BrCH2 — CII2  /CFI2— CH2 

- >  ch3c6h/  | 

XNH— Cl 


CH3C0H4NH2  + 


ClCIi2 


)H2 
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Nitroso  derivative,  m.p.  51°;  benzenediazo-compound,  m.p.  99°. 

/CH2— ch2 

1,2,3,4-Tetrahydroquinaldine,  C6H4U  |  ,  b.p.  247°,  is  also  formed 

XNH—  CHCH3 

xN°2 

by  the  reduction  of  /3-o-nitrobenzylacetone,  CelLv  ( Jackson , 

xCH2CH2COCH3 

Ber.  14,  890) .  It  contains  an  asymmetric  carbon  atom  and  has  been  resolved  into 
two  optically  active  components  by  means  of  its  bitartrate  and  bromocamphor- 
sulfonate  ( Ladenburg ,  Herrmann,  Ber.  41,  966;  Pope,  Read,  J.  97,  2199). 

Several  tetrahydroquinolinium  bases  with  two  different  radicals,  such  asl- 
allyl-l-methyl-l,2,3,4-tetrahydroquinolinium  hydroxide,  C9H10N(CH3)  (C3H5)- 
OH,  and  its  iodide,  have  been  separated  into  optically  active  nitrogen  compounds 
by  means  of  the  d-camphorsulfonates  or  d-bromocamphorsulfonates  ( Wedekind , 
Ber.  38,  1840;  Wedekind,  Wedekind,  Ber.  40,  4450;  Wedekind,  Maiser,  Ber.  61, 
1364).  However,  all  attempts  to  resolve  l-methyl-l,2,3,4-tetrahydroquinoline 
(kairoline) ,  and  thereby  obtain  an  optically  active  compound  of  trivalent  nitrogen, 
have  failed  ( Meisenheimer ,  Angermann,  Finn,  Vieweg,  Ber.  57,  1744). 

5,6,7,8-Tetrahydroquinoline,  b.p.  222°,  picrate,  m.p.  157°,  platinum  double 
salt  m.p.  210°,  was  first  prepared  by  oxidation  of  the  pressure -hydrogenation 
product  of  cinchonine  over  the  5, 6, 7, 8 -tetrahydrocinchoninic  acid  (m.p.  242°). 
It  has  been  synthesized  in  small  yield  from  2-hydroxymethylenecyclohexanone 
and  a-cyanoacetamide  by  a  series  of  reactions  ( v .  Braun,  Lemke,  Ann.  478,  181) . 
For  other  ring -syntheses,  see  Stobbe,  Ber.  35,  3978.  Reduction  with  sodium  and 
alcohol  converts  the  5,6,7,8-tetrahydroquinolines  to  decahydroquinolines. 

The  5-lact,ams  of  o-aminophenyl  fatty  acids  are  oxo  derivatives  of  1,2,3,4-tetra- 
hydroquinoline,  e.g.,  hydrocarbostvril,  o-aminophenylpropionic  acid  lactam.  In 
accordance  with  this  relationship,  hydrocarbostyrils  are  easily  obtained  from  ary- 
lides  of  the  technically  produced  /3-chloropropionic  acid  by  the  action  of  AICI3 
(Meyer,  van  Ziitphen,  Philipps,  Ber.  60,  858) : 


XCH2 


AiCb 


uo 


NIL 


V\ 


ch2 


NIL 


lh2 

I 

,co 


Hydrocarbostyril  is  also  prepared  by  the  Beckmann  rearrangement  of  1-in- 
danone  oxime. 

The  hydrocarbostyrils  decompose  when  heated  with  Ba(OH)2  at  150°  into  0- 
aminophenylpropionic  acids  (Meyer,  Philipps,  Ruppert,  Schmitt,  Ber.  61,  1966). 

Hydrocarbostyril  (3,4-dihydro-2(l)-quinolone),  m.p.,  163°,  and  numerous 
homologues:  Meyer,  van  Zutphen,  Philipps,  Ber.  60,  861. 

2,3-Dihydro-4(l)-quinolones  have  been  synthesized  from  N-phenyl-N-(p~ 
toluenesulfonyl)-/3-aminopropionic  acid,  CeH6  •  N (S02 •  C6H4 *  CH3)  -CIL-CIL- 
COOH,  and  its  homologues  with  P205  (Clemo,  Perkin,  J.  127,  2338) . 

HEXA-  AND  DECAHYDROQUINOLINES.  When  quinoline  or  tetrahydro- 
quinoline  is  heated  with  hydriodic  acid  and  phosphorus  at  a  high  temperature,  or 
treated  with  hydrogen  under  110  atm.  pressure  in  the  presence  of  nickel  oxide  at 
240°  (Ipatiew,  Ber.  41,  992),  or  when  quinoline  is  hydrogenated  in  acetic  acid 
solution  with  colloidal  platinum  and  H2  at  3  atm.  (Skita,  Meyer,  Ber.  45,  3591) 
or  with  platinum  black  containing  oxygen  (Zincke,  Eismayer,  Ber.  51,  767),  the 
benzene  ring  also  adds  hydrogen,  and  decahydroquinoline,  together  with  a  little 
hexahydroquinoline,  C9H13N,  b.p.  226°  (Bamberger,  Williamsen,  Ber.  27,  1459), 
and  other  products,  are  formed. 

Decahydroquinoline,  C9II17N,  m.p.  48°,  b.p.  204°,  a  very  volatile,  strongly 
alkaline  substance,  with  a  stupefying  odor  like  that  of  coniine.  While  the  tetra- 
hydroquinoline  behaves  like  a  mixed  aliphatic-aromatic  amine,  decahydroquino¬ 
line  has  the  properties  of  an  aliphatic  secondary  amine;  it  is  the  piperidine  of  the 
quinoline  series: 

ch2— ch2— ch2  cii2— ch2— ch— ch2— ch2 

II  III 

CH2 — NH — CH  2  CH2— CII2— CH—NH— CH2 

* 

Decahydroquinoline 


Piperidine 
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On  total  hydrogenation  (by  the  method  of  Sabatier,  or  in  glacial  acetic  acid  with 
Pt  and  H2)  decahydroquinoline  is  obtained  in  two  stereoisomeric  forms,  cis-  and 
trans-,  in  reference  to  the  union  of  the  two  rings  (analogous  to  cis-  and  trans- 
decalin)  [Hiickel,  Stepf,  Ann.  453,  163;  Fujise,  Sci.  Papers  Inst.Phys.Chem. 
Research  Tokyo  8  (1928),  161] : 

Trans-,  m.p.  48.5°,  b.p.  201°;  hydrochloride,  m.p.  275°;  chloroaurate,  m.p. 
124°. 

Cis-,  liquid,  b.p.  205°;  hydrochloride,  m.p.  226°;  chloroaurate,  m.p.  157°. 

Decahydroquinoline  contains  two  asymmetric  carbon  atoms  ( *) ;  this  has  been 
verified  by  resolution  with  the  help  of  d-bromocamphorsulfonic  acid. 

When  the  benzoyl  or  urethan  derivative  is  oxidized,  the  decahydroquinoline 
ring  suffers  the  same  type  of  fission  as  in  the  case  of  piperidine  (p.  220) :  the 
products  are  o-benzoylaminocyclohexanepropionic  acid  and  o-carbomethoxy- 
aminocyclohexaneacetic  acid : 


/CH2  CHo 

/CH2— ch2cooh 

CcH«< 

1  — 

- >  C6H,«< 

MSr(COC6H5)-CH2 

\NH(COC6H5) 

/CH2  ch2 

/CH2COOH 

C6H10< 

1  — 

— *  c8h,«< 

^N(C02CH3)-CH2 

s'NH(C02CH3) 

The  free  o-aminocyclohexanepropionic  acid  anhydrizes  to  octahydrocarbostyril 
( Bamberger ,  Williamsen,  Ber.  27,  1458) : 

/CH2— ch2 
C6H10<  | 

XNH— CO 

Condensed  derivatives  of  hydroquinolines  include  the  julole  and  lilole  deriva¬ 
tives,  which  are  derived  from  the  hypothetical  parent  substances: 


CIP - — C6H3-CH 

II  I  II 

CH-CH2-N - CH 

Lilole 

4-Pyrrolo  [3,2,  1-ij ]quinoline 


CH— C6H3 - CH 

II  I  II 

CH-CH2-N-CII2-CH 

Julole 

3,5-Dihydrobenzo  [iijquinolizine 


Lilole  is  a  combination  of  a  quinoline  ring  with  a  pyrrole  ring,  or  a  pyridine  ring 
with  an  indole  ring,  and  julole  is  a  combination  of  a  quinoline  ring  with  a  pyridine 
ring. 

Methyllilolidinedione,  2-methyl-l,2-dihydro-4:-pyrrolo[3,2,l-ij]quinoline-4:,6(5)- 
dione  (I)  is  prepared  from  malonic  acid  ester  with  dihydromethylindole  (p.  71) 
and  has  already  been  mentioned  in  connection  with  the  latter. 


(I) 


CO - c6h3-ch2 

I  I  I 

CH2  •  CO  •  N - CHCH3 


CH2 - C6H3  •  C(CH3) 

I  I  II  (II) 

ch2-ch2-n-co-ch 


M  ethyloxo  juloline ,  1  -methyl-  6,7  -dihydrobenzo  [  ij  ]  quinolizin-  3  ( 5)  -one  (II), 
m.p.  130°,  is  obtained  from  tetrahydroquinoline  with  acetoacetic  ester  ( Reis - 
sert,  Ber.  24,  845). 

Julolidine,  1,2, 3, 5, 6, 7 -hexahydrobenzo[ij ]  quinolizine  (III) , 

ch2 - c6h3 — ch2  CO - c6h3 — ch2 

(HI)  III  III  (IV) 

ch2-ch2*n-ch2-ch2  ch2con-ch2-ch2 

m.p.  40°,  is  produced  when  tetrahydroquinoline  is  boiled  with  1  mol  of  1-bromo- 
3-chloropropane,  or  aniline  with  2  mols  of  l-bromo-3-chloropropane  ( Pinkus , 
Ber.  25,  2801).  Both  julole  derivatives  are  bases,  but  julolidinedione  (IV),  6,7- 
dihydrobenzo[ij]  quinolizine-1  (2)  ,3(5) -dione,  from  tetrahydroquinoline  with  malo¬ 
nic  ester,  has  only  acid  properties. 

A  similar  ring  system  is  contained  in  tetrahydroquinoline -2 -propionic  acid  lac¬ 
tam,  3,3a,4,5-tetrahydropyrrolo[a]quinolin-l(2)-one,  m.p.  116°: 
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C6H4- 


-N- 


-CO 


CH2  •  CH2  •  CH— CH2 


ch2 


The  lactam  or  the  free  acid  is  formed  by  reduction  of  2-quinolineacrylic  acid 
(p.  233)  with  Na  and  alcohol.  In  many  respects  it  resembles  strychnine  (p.  379) 
( Koenigs ,  Ber.  33,  218) .  Cf.  also  piperolidone  (p.  224) . 


Condensed  Quinolines 

The  quinoline  syntheses  from  aniline  or  its  homologues  according 
to  Skraup  or  Dobner-Miller  (p.  227)  can  also  be  carried  out  with  naph- 
thylamines,  aminoanthracenes,  aminoanthraquinones,  and  the  like; 
higher  condensed  ring  systems  containing  a  quinoline  nucleus  are 
produced.  The  angular  union  of  the  pyridine  ring  is  far  more  com¬ 
mon  than  the  linear  arrangement,  although  the  latter  does  occur  in 
products  from  tetrahydronaphthalene  derivatives,  e.g.,  Bz-tetrahydro- 
2-naphthylamine  (v.  Braun ,  Gruber,  Ber.  55,  1710;  Lindner,  Staufer, 
Mo.  46,  231),  since  the  valence  distribution  in  these  cases  is  more 
favorable  to  the  linear  condensation. 

The  two  naphthylamines  give  benzol ] quinoline  (a-naphthoquino- 
line)  (I)  and  benzo  [/Jquinoline  (/3-naphthoquinoline)  (II),  and  amino- 
anthracene  yields  naphtho  [2, 3-/]quinoline  (/3-anthraquinoline)  (IV): 


(I)  AA 

k/y\ 

1NV 


Benzo  [h  ]quinoline 
( a- N  aphthoq  uinoline) 


(id  /\/\ 


N 


V 


Benzo  [/jquinoline 
( (3-N  aphthoquinoline) 


(in)  a/V% 


Ww2 

1 


Benzo  [q  jquinoline 
(Anthrapyridine) 


(IV)  /w\ 


vvy\N 


V 


Naphtho  [2,3-/jquinoline 
( /3- Anthraquinoline) 


Benzo  [ft]  quinoline,  a-naphthoquinoline,  m.p.  52°,  b.p.  338°.  Benzo  [/jquino¬ 
line,  (3-naphthoqninoline,  m.p.  93°,  b.p.  210°  (22  mm.).  The  latter  is  also  pre¬ 
pared  from  1-bromo-  or  l-nitro-2-naphthylamine.  With  KMn04  the  benzo- 
quinolines  are  oxidized  to  two  phenylpyridinedicarboxylic  acids  (p.  205).  By 
amination  and  subsequent  oxidation  with  KMn04,  benzo [h jquinoline  is  converted 
to  7,8-quinolinedicarboxylic  acid,  and  benzo [f] quinoline  to  5,6-quinolinedicar- 
boxylic  acid  ( Hepner ,  Mo.  27,  1045;  for  the  numbering  of  the  quinoline  ring,  see 
p.  226).  3-Methylbenzo [/jquinoline,  P-naphthoquinaldine ,  m.p.  82°,  from  2- 
napthylamine  by  the  Dobner-Miller  synthesis  [ Browning ,  Cohen ,  Ellingworth, 
Gulbransen,  Proc. Roy .Soc. London  B100  (1926),  293] .  Indeno[l,7-<7/i jquinoline, 
acenaphthoquinoline,  m.p.  62°,  from  5-aminoacenaphthene  ( Stewart ,  J.  127,  1331) . 

3-Benzo[/]quinolinol,  2 -hydroxy- P-naphthoquinoline,  m.p.  over  280°,  by  heating 
benzo  [/jquinoline  with  caustic  potash  at  280-300°  (Ger.  Pat.  406208,  1922). 

The  pyridine  ring  is  hydrogenated  first  when  the  benzoquinolines  are  re¬ 
duced  with  tin  and  hydrochloric  acid : 
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/CH2— ch2 
<  I 

XNII— CH2 
(V) 


CH,— CH2x  /CII2— CH, 

I  >c6h/  I 

CH2— CH/  XNII— CH2 

(VI) 


CH2 — CH2 — CH — NH — CH2 


C6H4 - CH— CH2— CH2 

(VII) 


1 ,2,3 ,4-Tetrahydrobenzo[/i]  quinoline  (Y),  m.p.  46°,  and  1,2,3,4-tetrahydro- 
benzo[/] quinoline,  m.p.  63°,  behave  like  alkylated  1-  and  2-naphthylamines. 
Tetrahydro-l-naphthylamine  according  to  the  Dobner-Miller  synthesis  gives 
tetrohydrobenzo[h] quinoline,  in  which  the  outside  benzene  ring  is  the  first  to  be 
hydrogenated  on  reduction  ( Lindner ,  Siegel,  Mo.  46,  225).  Reduction  with 
sodium  and  boiling  amyl  alcohol  gives  l,2,3,4,7,8,9,10-octahydrobenzo[/i]  - 
quinoline  (VI),  m.p.  48°,  b.p.  216°  (37  mm.) ,  and  the  corresponding  benzo[/j- 
quinoline  derivative,  m.p.  60°,  b.p.  325°,  in  which  both  the  pyridine  and  the  out¬ 
side  benzene  ring  are  hydrogenated,  causing  the  products  to  have  the  nature  of 
alkylated  anilines.  From  benzof/] quinoline  there  is  simultaneously  formed  an 
isomeric  octahydro-{  (3)  -naphthoquinoline ,  l,2,3,4,4a,5,6,10a-octahydrobenzo[/]  - 
quinoline  (VII),  m.p.  91°,  b.p.  321°,  in  which  the  middle  benzene  ring  is  hydro¬ 
genated;  this  compound  corresponds  to  decahydroquinoline  (p.  245)  and  has  the 
properties  of  a  piperidine. 

Quino [ 8, 7-h] quinoline,  1,5-naphthodiquinoline,  Cif,HioN2,  m.p.  217°,  from 
1,5-naphthalenediamine,  glycerol  and  H2S04  ( Finger ,  Spitz,  J.pr.  79,  445). 

Benzo [g] quinoline,  a-anthrapyridine,  m.p.  114°,  b.p.  200-205°  (14  mm.) 
(formula  III,  p.  247),  from  l,2,3,4-tetrahydro-2-naphthylamine  over  its  tetra- 
hydro  compound  by  dehydrogenation  with  lead  oxide.  Oxidation  with  Cr03 
converts  it  to  benzoigr]  quinoline-5, 10-quinone,  anthrapyridinequinone,  m.p.  280°, 
which  corresponds  to  anthraquinone ;  this  quinone  can  also  be  obtained  synthet¬ 
ically  from  quinolinic  anhydride  and  benzene  in  the  presence  of  A1C13  ( v .  Braun , 
Gruber,  Ber.  55,  1710).  6,9-Dihydroxybenzo[gr]quinoline-5,10-quinone,  5,8- 
dihydroxyanthrapyridinequinone,  m.p.  237°,  red  needles,  from  quinolinic  acid  and 
hydroquinone,  corresponds  to  quinizarin  [Niementowski,  Fruhling,  Joszt,  Rocz- 
niki  Chem.  7  (1927),  218]. 

Naphfho[2,3-/]quinoline,  {3-anthraquinoline  C/HuN,  m.p.  170°,  b.p.  446°; 
its  solutions  show  intense  blue  fluorescence.  It  is  oxidized  by  Cr03  to  naphtho- 
[2,3-/] quinoline-7, 12-quinone,  (3-anthraquinonequinoline,  m.p.  185°,  whose  di- 
hydroxv  derivative  is  alizarin  blue  ( Graebe ,  Ann.  201,  349).  For  3-phenylnaph- 
tho [2,3-/] quinoline,  2 -phenyl- (3-anthraquinoline,  m.p.  285°,  see  Musajo,  Gazz. 
59,  74.  Naphtho [2, 3-/i] quinoline-7, 12-quinone,  a-anthraquinonequinoline ,  m.p. 
169°,  can  be  prepared  from  1-aminoanthraquinone,  glycerol  and  H2S04  (Ger. 
Pat.  189234,  1905),  although  2-aminoanthraquinone  under  the  same  condi¬ 
tions  forms  benzanthrone  (Vol.  Ill,  p.  696)  and  13-phenanthro[  10, 1-fg] quinoline, 
benzanthronequinoline,  C20HUON,  m.p.  251°;  the  latter  compound,  like  benz¬ 
anthrone,  is  converted  by  fusion  with  alkali  to  a  blue-violet  dye  of  outstanding 
fastness,  cyananthrene  {Bally,  Ber.  38,  194;  Ger.  Pat.  171939,  1904). 

ALIZARIN  BLUE,  5,6-dihydroxynaphtho[2,3-/]  quinoline-7, 12-dione,  dihy¬ 
droxy  anthraquinonequinoline: 


CH=CII 

I 

N=CII 


m.p.  270°,  metallic  blue-violet  needles,  is  obtained  from  2-nitro-  or  2-amino- 
alizarin  with  glycerol  and  IL2S04  {Brunner,  Chuard,  Ber.  18,  445;  Knueppel, 
Ber.  29,  708)  (c/.  Vol.  Ill,  p.  663) .  It  forms  salts  with  both  acids  and  bases.  It 
is  marketed  in  the  form  of  a  violet  paste  and  its  method  of  application  is  similar 
to  that  of  alizarin.  In  the  form  of  the  bisulfite  derivative  it  is  called  alizarin  blue 
S.  Since  it  is  decolorized  by  reducing  agents  (zinc  dust,  grape  sugar)  and  re¬ 
generated  by  exposure  to  the  air,  it  is  suitable  for  vat  dyeing.  By  treatment  with 
II2S04  several  hydroxyl  groups  can  be  introduced  into  alizarin  blue.  The  prod¬ 
ucts  are  mixtures  of  sulfonic  acids  of  tri-,  tetra-,  and  pentahydroxy  derivatives  of 
alizarin  blue,  and  are  known  as  alizarin  blue-green,  alizarin  green  and  alizarin 
indigo  blue  {Graebe,  Philips,  Ann.  276,  21). 

~6H2[C3H3N] 

eH4 


ll-Indeno[ 2,1-/] quinoline,  fluorenequinoline,  CH2< 


,  m.p.  133°, 
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and  dibenzo[/, h\ quinoline,  9,10 -phenanthroquinoline,  CnHnN,  m.p.  174°,  are 
prepared  from  2-aminofluorene  and  9-aminophenanthrene  by  the  Skraup  syn¬ 
thesis  (Diels,  Staehlin,  Ber.  35,  3275;  Herschmann,  Ber.  41,  1998). 
9-Methylindeno[  1,7 -gh] quinoline,  2-methylacenaphtha-b -pyridine: 

CH3 

nA 


AA/ 


m.p.  131°,  from  5-aminoacenaphthene  and  paraldehyde  (Nair,  Simonsen,  J. 
1926,3140). 


(c)  Isoquinolines 


While  in  quinoline  the  carbon  atoms  in  the  2-  and  3-positions  are 
common  to  the  benzene  and  the  pyridine  rings,  in  isoquinoline  the 
carbon  atoms  in  the  3-  and  4-positions  are  shared.  Isoquinoline  is 
therefore  also  called  3,4-benzopyridine.  The  nitrogen  atom  in  the 
isoquinoline  ring  is  separated  from  the  benzene  nucleus  by  a  methine 
group. 


AA 


7V\A 

8  N 
1 

Quinoline 


3 

2 


N 


Isoquinoline 


The  constitution  of  isoquinoline  is  evident  from  its  oxidation  to  3,4- 
pyridinedicarboxylic  acid  and  from  its  various  syntheses. 

In  its  reactions  isoquinoline  resembles  quinoline.  It  occurs  with 
quinoline  in  coal  tar  ( Hoogewerff ,  van  Dory,  1885,  cf.  Weissgerber , 
Ber.  47,  3175)  and  is  the  mother  substance  of  a  series  of  important 
alkaloids  in  the  group  of  opium  bases,  such  as  papaverine ,  narcotine , 
hydrastine,  and  apomorphine  (pp.  359  ff.). 

Synthesis  of  Isoquinoline  Derivatives. — (I)  Isoquinoline  is  obtained 
by  ring-closure  of  benzene  derivatives  with  the  grouping ; 


A  c\c 

U\CA 


or 


/\/°\ 
\A  c/ 


C 

I 

N 


(a)  Isoquinoline  is  prepared  from  /Then zylideneaminoe thy  1  acetal 
or  benzylaminoacetaldehyde  by  warming  with  H2S04  ( Pomeranz ,  Mo. 
15,  299;  Hantzsch ,  Urbahn,  Ber.  28,  764);  or  with  H2S04  and  arsenic 
acid  ( Rugheimer ,  Schon,  Ber.  42,  2374) ;  this  method  has  but  a  limited 
range  of  applicability  (cf.  Staub,  Helv.  5,  888) : 
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(RO)2CH— CII2 

|  - * 

C6H5— CH=N 

/3-Benzylideneaminoethyl  acetal 


/CH=CH 

<  I 

\CH=N 

Isoquinoline 


( b )  A  more  important  method  is  that  derived  from  the  second 
grouping  above,  consisting  in  the  elimination  of  water  from  acylated 
phenethylamines  by  means  of  P205  in  boiling  toluene,  xylene  ( Spdth , 
Polgar,  Mo.  51,  192)  or  tetralin  solution  (Spdth,  Berger,  Kuntara,  Ber. 
63,  134).  The  dihydroisoquinolines  so  formed  are  oxidized  to  iso¬ 
quinolines  with  KMn04  in  acid  solution  or  by  catalytic  dehydrogena¬ 
tion  (Spdth,  Polgar,  Mo.  51, 193;  Spdth,  Berger,  Kuntara,  Ber.  63, 134; 
Pictet,  Ka,y,  Ber.  42,  1973;  Decker,  Kropp,  Ber.  42,  2075;  for  a  modi¬ 
fication  of  this  method,  see  v.  Braun,  Blessing,  Cahn,  Ber.  57,  908; 
Ger.  Pat.  399805,  1920,  Frdl.  XIV,  1313): 


C6H5CH2— ch2 

I 

C6H5CO — NH 


-h2o 
- > 


/CH2 - ch2 

<  I 

xC(C6H5):N 


/CH=CH 

\  I 

xC(C6H5):N 


Acylated  a-hydroxyphenethylamines  of  the  formula  C6HsCH(OH)- 
CH2NHCOR  (Pictet,  Gams,  Ber.  43,  2384)  or  the  corresponding  ethers 
[Rosenmund,  Nothnagel,  Riesenfeldt,  Ber.  60,  392;  Mannich,  Walther, 
Arch.  Pharm.  265  (1927),  1]  give  isoquinolines  directly  when  treated 
with  P205: 


C6H 


/CHCOH)— CH2  _2h20  /CH=CH 

/  I  - > 


OCH— NH 


C6I14<  | 

XCH=N 


When  phenethylamines  are  condensed  with  aldehydes,  tetrahydro- 
quinolines  are  formed  (Pictet,  Spengler,  Ber.  44,  2030) : 


C6H5CH2— CH2 

I 

CH20  +  NH2 


c6h4- 


ch2— ch2 
I 

CH2— NH 


Method  (h)  can  be  used  for  the  preparation  of  complicated  iso¬ 
quinoline  compounds,  such  as  those  of  the  type  of  berberine  (Chak- 
ravarti,  Haworth,  Perkin,  J.  1927,  2265;  Haworth,  Perkin,  Pink,  J. 
127,  1709)  and  of  apomorphine  (Robinson,  Shinoda,  J.  1926,  2198). 

(c)  Isoquinoline  is  formed  from  cinnamaldoxime  and  from  benzylideneacet- 
oximc  by  heating  with  P206,  a  Beckmann  rearrangement  taking  place  (< Goldschmidt , 
Ber.  27;  2795;  28,818): 

CH=CH 

C6He,CH  :  CH  •  CH :  N  •  OH  — >  [C6H5  •  CH :  CH  •  NII  •  CH :  0 1  — >  C6H4< 

XCH=N 


yCR—  CR* 

(2)  In  lactones  of  the  formula  C6H4<^  |  ,  called  isocou- 

XCO— O 

marins  (p.  184),  the  linking  oxygen  can  be  exchanged  for  an  NH- 
group  by  means  of  cold  aqueous  ammonia,  forming  isoquinolones  or 
isocarbostyrils,  which  are  converted  into  isoquinolines  by  successive 
treatment  with  PCI5  and  HI  and  phosphorus  or  with  zinc  dust. 
Similar  treatment  transforms  l,3(2,4)-isoquinolinedione  (homo- 
phthalimide)  and  its  homologues  into  isoquinolines  (Le  Blanc,  Ber.  21, 
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2299;  Bamberger ,  Kitschelt,  Ber.  25,  1138;  Zincke ,  Ber.  25,  1493; 
Gabriel ,  Neumann ,  Ber.  25,  3563;  Bamberger,  Lodter,  Ber.  26,  1842): 


/CIi2 

C6II< 

xCO- 


-co 

I 

-NH 


/CH=CC1 

- >  C6H4<  | 

XCC1=N 

l,3(2,4)-Isoquinolinedione  1,3-Dichloroisoquinoline 
(Ilomophthalimide) 

CH=CH  Zn  yCH=CH 

CeH/  I  < -  C6H4<  I 

XCH=*=N  xCO— NH 


Isoquinoline  Isocarbostyril 

Isoquinoline,  m.p.  24°  [Frank,  Vollmer,  Braunkohle  23  (1924), 
505],  b.p.  240.5°  (763  mm.),  d  1.096,  is  quite  similar  to  quinoline.  It 
is  obtained  from  the  crude  quinoline  of  coal  tar  in  4%  yield  ( Forsyth , 
Kelly,  Pyman,  J.  1927,  1659)  by  fractional  crystallization  of  the  sul¬ 
fates,  or  by  gradual  concentration  of  the  isoquinoline  by  shaking 
with  H2S04,  due  to  its  greater  basicity  (Weissgerber,  Ber.  47,  3175; 
Harris,  Pope,  J.  121,  1029).  It  is  prepared  by  the  methods  given 
above  and  also  by  distillation  of  N-benzylideneethylamine,  C6H5- 
CH:N  -CH2CH3,  through  an  incandescent  tube  (Pictet,  Popovici,  Ber. 
25,  734)  and  in  smaller  yield  by  distillation  of  N-methylphthalimidine 
(Pictet,  Ber.  38,  1949)  and  of  yohimbine  (Winter stein,  Walter,  Helv. 
10,  577)  with  zinc  dust.  Oxidation  of  isoquinoline  with  KMn04  pro¬ 
duces  both  phthalic  acid,  by  destruction  of  the  pyridine  nucleus,  and 
cinchomeronic  acid  (3,4-pyridinedicarboxylic  acid),  by  destruction  of 
the  benzene  nucleus.  The  alkyl  halide  addition  products  of  isoquino¬ 
line  give  alkylated  phthalimides,  C6H4(CO)2NR,  when  oxidized. 


Isoquinoline  2-oxide,  hydrate,  m.p.  98°  (M eisenheimer ,  Ber.  59,  1848).  Iso¬ 
quinoline  picrate,  m.p.  2,23°.  Chloroplatinate,  (CgH8N)2PtCl6  +2  H20,  m.p.  260°. 
2 -M ethylisoquinolinium  iodide,  C9H7N UCH3,  m.p.  159°;  the  2-ethyl  iodide,  m.p. 
148°.  The  2-alkylisoquinolinium  iodides  react  like  the  pyridinium  and  quino- 
linium  iodides  (p.  201  and  p.  230).  With  sodium  hydroxide  solution  they  first 
form  the  unstable  isoquinolinium  hydroxides,  which  rearrange  to  1-hydroxydi- 
hydroisoquinolines ;  these  are  oxidized  to  2-alkyl-l-isoquinolones  by  alkaline 
potassium  ferricyanide  solution.  With  alkylmagnesium  halides  they  give  1,2- 
dialkyldihydroisoquinolines  (p.  254).  For  the  action  of  cyanogen  bromide  and 
hydrocyanic  acid,  see  Mumm,  Herrendorfer,  Ber.  47, 764,  and  Shimidzu,  J.pharm. 
Soc.  Japan  1926,  No.  537,  94.  Nitration  of  isoquinoline  yields  a  Rz-nitroisoquino- 
line,  m.p.  110°  ( Edinger ,  J.pr.  53,  375).  l,3-Dioxolo[  <7]  isoquinoline,  6,7- 
methylenedioxyisoquinoline ,  (CH202)C6H2(CsH3N) ,  m.p.  124°,  from  piperonal- 
aminoacetal;  its  methyl  iodide  addition  product  reduces  to  hydrohydrastinine, 
6-methyl-5,6,7,8-tetrahydro-l,3-dioxolo-[<7]isoquiholine  (p.  369;  Fritsch,  Ann. 
286, 1). 

8-Methyl-  and  6-methylisoquinoline,  b.p.  258°,  and  m.p.  83°,  b.p.  264°,  are 
prepared  from  /3-o-  and  p-methylbenzylideneaminoethyl  acetal  ( Pomeranz ,  Mo. 
18,1). 

1-Methylisoquinoline,  b.p.  245°  (728  mm.) ,  sulfate  m.p.  247°,  is  obtained  from 
(a-methylbenzylidene)aminoethyl  acetal  with  H2S04  ( Pomeranz ,  Mo.  15,  299) 
and  from  N -acety  1 -/3 -hydroxy phenethyl amine  with  P2C>5  ( Pictet ,  Gams,  Ber.  43, 
2389)  and  is  apparently  identical  with  the  methylisoquinoline  from  papaveroline 
(p.  365)  ( Krauss ,  Mo.  11,  350).  3 -Methylisoquinoline,  m.p.  68°,  b.p.  246° 
(761  mm.),  is  formed  from  methylisocarbostyril  ( Gabriel ,  Neumann,  Ber.  25, 
3563)  by  distillation  with  zinc  dust  (see  above).  4-Methylisoquinoline,  b.p. 
256°,  from  dimethylhomophthalimide  by  distillation  with  zinc  dust  ( Le  Blanc, 
Ber.  21,  2300).  3-Ethylisoquinoline,  C9(C2H5)H6N,  b.p.  256°,  and  3-phenyl- 
isoquinoline,  C9(C6H5)H6N,  m.p.  104°,  are  prepared  from  ethyl-  and  phenyliso- 
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carbostyril  (see  above)  ( Gabriel ,  Neumann,  Ber.  25,  3573;  Damerow,  Ber.  27, 
2237).  1-Phenyiisoquinoline,  m.p.  93°,  from  benzohydrylideneaminoacetal 
(C6H6)2C:NCH2CH(QC2H5)2with  HoS04  (Pomeranz,  Mo.  18,1),  from  N-ben- 
zoyl-/3-hydroxyphenethylamine  with  P2Os  ( Pictet ,  Gams,  Ber.  43,  2388;  Rosen- 
mund,  Nothnagel,  Riesenfeldt,  Ber.  60,  392)  and  from  its  dihydro  derivative  with 
KMn04  ( Pictet ,  Kay,  Ber.  42,  1976) . 

4-Benzylisoquinoline,  m.p.  118°,  b.p.  238°  (23  mm.),  is  formed  together  with 
a  little  3-benzylisoquinoline,  m.p.  104°,  b.p.  311°  (23  mm.),  when  tetrahydro- 
isoquinoline  (p.  254)  is  heated  with  benzaldehyde;  4-benzylisoquinoline  yields 
pyridine-3,4, 5-tricarboxylic  acid  on  oxidation.  1-Benzylisoquinoline,  m.p.  5 5°, 
b.p.  228°  (23  mm.),  which  is  the  parent  compound  of  several  alkaloids  (c/. 
papaverine,  p.  365;  Rugheimer,  Ber.  33,  1719;  Ann.  328,  326;  Rugheimer,  Fril- 
ing,  Ann.  326,  261),  is  obtained  from  isoquinoline  and  benzyl  alcohol  by  heating, 
from  N-phenacetyl -/3 -hydroxy phenethylamine  with  P2O5  ( Pictet ,  Gams,  Ber.  43, 
2387)  and  from  its  dihydro  derivative  ( Pictet ,  Kay,  Ber.  42,  1978).  It  oxidizes 
to  pyridine-2, 3, 4 -tricarboxylic  acid.  Its  methyl  iodide  addition  product  is  con¬ 
verted  by  aqueous  sodium  hydroxide,  not  to  the  hydroxy  dihydro  base  (see  above) , 
but,  by  elimination  of  water,  to  the  yellow  2-methyl-l-benzylidene-l, 2-dihydro- 
isoquinoline,  which  is  also  produced  by  the  action  of  C6H5CH2MgCl  on  2-methyl- 
l(2)-isoquinolone  (p.  253),  and  which  regenerates  2-methyl-l-benzylisoquino- 
linium  iodide  when  treated  with  HI  ( Decker ,  Pschorr,  Ber.  37,  3396).  When  the 
latter  compound  is  digested  a  longer  time  with  aqueous  sodium  hydroxide, 
methyiamine  is  eliminated,  and  2 -phenyl -1-naphthol  results,  a  reaction  which  can 
be  explained  only  by  assuming  that  the  2-methyl-l-benzylidenedihydroisoquino- 
line  originally  formed  suffers  a  ring -fission  ( Decker ,  Ann.  362,  305) : 

CH - — — CH  /CHa-CHO  /CH=CH 

Cell/  |  — >  C6H4<  C6H4<  I 

XC(:CHC6H6)  -  NCR,  XX)-CPI2C6H5  xC(OH):C-C6H5 

Quinoline  red  (or  isoquinoline  red)  is  obtained  by  the  action  of  benzotrichloride 
on  a  mixture  of  isoquinoline  and  quinaldine  (p.  232).  For  its  constitution  (14- 
chloro-15-phenyl-14,15-dihydropyrimido[l,6-a,  3,4-a'j diquinoline,  see  formula) 
and  the  reaction  mechanism  of  its  preparation,  see  Vongerichten,  Hofmann, 
Ber.  45,  3447;  Scheibe,  Ber.  54,  786;  Scheibe,  Fischer,  Ber.  59,  502). 


It  is  a  red  dye  which,  like  the  cyanines  (p.  234),  has  the  property  of  making 
photographic  plates  orthochromatic. 

Isoquinolines  halogenated  in  the  pyridine  nucleus  are  prepared  from  iso- 
carbostyrils  (see  below)  and  homophthalimides  with  PC16.  CJilorine  atoms  in  the 
1 -position  possess  the  same  reactivity  as  the  chlorine  atoms  in  the  2-  or  4 -position 
of  quinoline  (p.  235). 

1-Chloroisoquinoline,  m.p.  38°,  b.p.  275°,  from  isocarbostyril  with  POClj 
( Gabriel ,  Colman,  Ber.  33,  985).  3-Chloroisoquinoline,  m.p.  48°,  b.p.  281°, 
results  from  the  partial  reduction  of  1,3-dichloroisoquinoline,  m.p.  122°,  b.p. 
306°,  which  is  prepared  from  homophthalimide  with  POCl3  ( Gabriel ,  Ber.  19, 
2355).  1,4-Dichloroisoquinoline,  m.p.  89°,  from  hydroxyisocarbostyril  with 
POCI3  (p.  253),  together  with  l-chloro-4-isoquinolinol,  m.p.  196°  ( Gabriel , 
Colman,  Ber.  33,  986).  1-Chloro -3 -methyl-  and  l-chloro-3-phenylisoquinoline, 
m.p.  36°  and  77°,  from  the  corresponding  isocarbostyrils ;  the  latter  reacts  with 
aniline  to  give  l-anilino-3-phenylisoquinoline,  CglRNHCeR^,  m.p.  126° 
{Ephraim,  Ber.  25,  2709). 

Sulfonic  acids  of  isoquinoline  are  formed  by  the  action  of  fuming  sulfuric  acid, 
the  preferred  points  of  entry  being  the  5-  and  8-positions.  The  8-sulfonic  acid  so 
prepared  can  be  converted  to  8-isoquinolinol  by  alkali  fusion  {W eissgerber ,  Ber. 
47,  3180). 
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AMINOISOQUINOLINES.  When  isoquinoline  is  treated  with  sodium  amide 
according  to  the  method  used  in  the  pyridine  and  quinoline  series,  1-aminoiso- 
quinoline  is  obtained  [Tschitschibabin,  Oparina,  J.Russ.Phys.Chem.Soc.  50 
(1918),  543]. 

1-Aminoisoquinoline,  m.p.  123  °,  picrate  m.p.  290°,  when  diazotized  and  boiled, 
gives  isocarbostyril  (see  below). 

ISOQUINOLiNOLS,  ISOCARBOSTYRILS.  The  hydroxyl  derivatives  of 
isoquinoline  are  prepared  from  the  isocoumarins  with  NH3  (p.  184).  Another 
more  general  synthesis  consists  in  the  treatment  of  the  reaction  products  of  o- 
cyanobenzyl  cyanide  and  carboxylic  acid  anhydrides  with  alkali : 


/CH2(CN)  (chsC0)20  ✓C(CN)=CCHj 

<  - >  c6h4<  I 

XCN  xCN  OCOCHs 


o-Cyanobenzyl 

cyanide 


a-o-Cyanophenyl-/3-acetoxy- 

crotononitrile 


C(CN)=CCH3 
c6h4<  I 

xCO - NH 


4-Cyano-3-methyl- 

isocarbostyril 


The  alkylcyanoisocarbostyrils  so  obtained  lose  the  cyano  group  when  treated 
with  concentrated  sulfuric  acid,  forming  3-alkylisocarbostyrils  ( Gabriel ,  Posner, 
Ber.  27,  827;  Damerow,  Ber.  27,  2232;  Harper,  Ber.  29,  2543) . 

The  rearrangement  of  phthalimido-fatty  acid  esters  by  means  of  sodium 
alcoholate  serves  for  the  preparation  of  1,4-isoquinolinediols  or  4-hydroxyiso- 
carbostyrils  ( Gabriel ,  Colman,  Ber.  33,  980;  Findeklee,  Ber.  38,  3542) : 


,COv 

c6h4<  >nch2co2r 

'CCK 


c6h4< 


C(OH)  :C*C02R 


XX> 


-NH 


/C(OH):CH 
->  C6114<  | 

\CO - NII 


The  resulting  l,4-dihydroxyisoquinoline-3-carboxylic  acid  esters  are  easily  de- 
carboxylated,  and  the  1,4 -dihydroxy  compounds  can  be  reduced  to  isocarbostyrils. 

As  in  the  case  of  carbostyrils,  alkyl  ethers  of  both  the  hydroxyl  and  the  keto 
form  of  isocarbostyrils  can  be  obtained.  The  former  are  usually  prepared  from 
the  1-chloroisoquinolines  with  sodium  alcoholates,  and  the  latter  from  the  isocar¬ 
bostyrils  with  alkyl  iodides  or  from  2-alkylisoquinolinium  iodides  with  aqueous 
sodium  hydroxide  and  potassium  ferri cyanide. 

Isocarbostyril,  1  -isoquinolinol,  1(2 ) -isoquinolone ,  m.p.  207°  [Tschitschibabin, 
Oparina,  J.  Russ.  Phys.Chem.Soc.  50  (1918),  543] ,  prepd.  from  isocoumarin  with 
NH3,  from  isocarbostyrilcarboxylic  acid,  CgHeON -COOH,  m.p.  320°  (dec.),  the 
product  of  the  reaction  of  isocoumarincarboxylic  acid  with  NH3,  by  decarboxyla¬ 
tion,  and  from  1-aminoisoquinoline  (see  above)  by  diazot.ization  and  digestion. 
1-Methoxyisoquinoline  (I),  b.p.  240°,  is  prepared  from  the  Ag-salt  of  isocarbo¬ 
styril  with  methyl  iodide.  The  isomeric  2-methyl-l (2) -isoquinolone  (II),  m.p. 


yCH— CH 

<  1 

xC(OCH3)=N 


(II) 


/CH=CII 

<  I 

xCO—  ^CH3) 


54°  (40°:  Decker,  J.pr.  47,  28;  Bamberger,  Frew,  Ber.  27,  205),  from  isocarbo¬ 
styril  with  methyl  iodide  and  alkali  (F ernau,  Mo.  14,  59)  and  from  methyliso- 
quinolinium  iodide  with  alkaline  potassium  ferricyaniae  (p.  251).  Other  N- 
alkylisoquinolones  are  formed  by  the  action  of  primary  amines  on  isocoumarin 
( Bamberger ,  Frew,  Ber.  27,  198)  or  its  carboxylic  acid.  3-Methylisocarbostyril, 
m.p.  211°;  3-ethylisocarbostyril,  m.p.  141°;  3-isopropylisocarbostyril,  m.p. 
186°  ( Lehmkuhl ,  Ber.  30,  892).  3-Phenylisocarbostyril,  isobenzalphihalimidine, 
m.p.  197°,  from  isobenzalphthalide  with  NH3  ( Gabriel ,  Ber.  18,  2448;  Damerow, 
Ber.  27,  2237). 

5,6,7-Trihydroxy-4-methylisocarbostyril,  C6H(OH)3:  [C3H2(CH3)ON] ,  is  ob¬ 
tained  from  the  corresponding  isocoumarin  derivative,  which  is  formed  from  gall- 
acetol,  CeH2(0H)3-C0-0-CH2C0CH3,  with  concentrated  sulfuric  acid  ( Fritsch , 
Ber.  26,  419). 

1-Hydroxyisoquinol.ine -3 -carboxylic  acid,  m.p.  319°  (dec.). 

4-Hydroxyisocarbostyril,  1,4 -isoquinolinediol,  is  prepared  by  saponification  of 
1,4-dihydroxyisoquinoline -3 -carboxylic  acid  ester,  m.p.  222°,  the  product  of  the 
rearrangement  of  N-carbethoxymethylphthalimide,  CgH4(CO)2NCH2COOC2H6 
(see  p.  254).  The  hydroxyisocarbostyril  is  reduced  by  hydriodic  acid  to  iso- 
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carbostyril,  and  is  oxidized,  similarly  to  indoxyl,  to  a  ring-homologue  of  indigo, 
carbindigo,  a  vermilion  powder.  As  indigo  is  oxidized  to  isatin,  so  carbindigo 
is  oxidized  by  fuming  nitric  acid  to  phthalonimide,  tetrahydroisoquinoline-1,3,4- 
trione,  which  can  also  be  obtained  directly  by  oxidation  of  hydroxyisocarbostyril 
with  the  same  reagent : 


,C(OH):CH  /CO-O 

2  C6H4<  |  - >  C6II4<  | 

\m. 


=C-CO 


CO - NH 


CO-NH  HN-CO 


C6II4- 


.CO-CO 
■+  2  C6H4<  | 

XCO-NH 


With  sodium  methylate  and  methyl  iodide  hydroxycarbostyril  gives  4-methoxy- 
isocarbostyril,  m.p.  171°.  With  benzaldehyde  and  with  phthalic  anhydride  it 
condenses  with  elimination  of  water,  and  with  phthalonimide  (see  above)  it 
forms  carbindigo  ( Gabriel ,  Colman,  Ber.  35,  2421). 

3-Methyl-,  3-ethyl-,  and  3 -phenyl -4 -hydroxyisocarbostyril  are  prepared  from 
N-carbethoxyethyl-,  N-carbethoxypropyl-,  and  N-(phenylcarbethoxymethyl)- 
phthalimide  by  rearrangement  and  fission  (see  p.  253)  ( Ulrich ,  Ber.  37,  1685; 
Biilow,  Deiglmayr,  Ber.  37,  1791). 

CARBOXYLIC  ACIDS.  Isoquinoline-1 -carboxylic  acid,  m.p.  162°,  has  been 
obtained  from  its  nitrile  ( Zincke ,  Krollpfeiffer,  Ann.  408,  338;  Reissert,  Ber.  38, 
3427).  6,7-Bimethoxyisoquinoline-l-carboxylic  acid  is  formed  in  the  oxidation 

of  'papaverine  with  KMn04. 

HYDROISOQUINOLINES.  ( 1 )  Dihydroisoquinolines  are  synthesized  from 
acylated  phenethylamines  with  P2O5,  PC15,  and  POCI3  (p.  250)  ( Pictet ,  Kay,  Ber. 
42,  1973)  (for  a  variation  of  this  method,  see  Ger.  Pat.  399805,  1920,  Frdl.  XIV, 
1313) ,  and  from  2-alkylisoquinolinium  iodides  by  treatment  with  alkylmagnesium 
halides  ( Freund ,  Bode,  Ber.  42,  1750).  In  the  first  case  3,4-,  and  in  the  second 
case,  1,2-dihydroisoquinolines  are  formed.  The  dihydroisoquinolines  can  be 
converted  to  the  corresponding  isoquinolines  by  KMn04  in  acid  solution  or  by 
catalytic  dehydrogenation  (Pd -black,  190°;  Spdth,  Berger,  Kuntara,  Ber.  63, 
134).  1 -Methyl -3 ,4-dihydroisoquinoline,  b.p.  236°;  1 -phenyl -3, 4 -dihydro - 
isoquinoline,  m.p.  73°;  1 -benzyl -3 ,4-dihydroisoquinoline,  b.p.  196°  (12  mm.). 
7, 8-Dihydro-l,3-dioxolo[<7] isoquinoline,  6 ,7 -methylenedioxy-3 ,4-dihydroisoquino- 
line,  (CH202)C6H2(C3H5N),  m.p.  91°,  from  formylhomopiperonylamide  with 
P2O5;  with  HI  it  yields  hydrastinine  hydriodide  (p.  369)  (Ger.  Pat.  234850, 1910) . 
For  the  synthesis  of  hydrastinine  and  of  cotarnine,  which  contains  one  more 
hydroxyl  group,  see  the  section  on  opium  alkaloids  (p.  369).  1,2 -Dimethyl -1,2- 
dihydroisoquinoline ,  b.p.  150°  (20mm.),  and  2-methyl-l -benzyl-1, 2-dihydroiso- 
quinoline,  b.p.  170-180°  (9  mm.),  from  2-methylisoquinolinium  iodide  with  CHS- 
Mgl  and  C6H5CH2MgCl,  respectively. 

Isocarbostyrils  are  oxodihydroisoquinolines  (p.  253) . 

(2)  1,2,3,4-Tetrahydroisoquinolines  are  prepared  either  synthetically  by 
condensation  of  phenethylamines  with  aldehydes  (p.  250  and  Pictet,  Spengler, 
Ber.  44,  2030)  or  by  reduction  of  isoquinolines  and  dihydroisoquinolines  with 
Sn  and  hydrochloric  acid,  with  Na  and  alcohol  or  catalytically  with  Ni  and  H2 
(Ger.  Pat.  423026,  1923,  Frdl.  XV,  1454).  An  unusual  synthesis  is  that  from 
phenethylglycine  chloride  with  AICI3,  accompanied  by  loss  of  CO  (v.  Braun, 
Wirz,  Ber.  60,  102;  Ger.  Pat.  423027,  1924,  Frdl.  XV,  1711) : 


A  /CH2X 

/%/  \ch2 


AlCL 


/\  /CH2\ 
A/  xch2 


V 


/NH 

H2Cx 

CO -Cl 


ch2 


/NH 


+  CO  +  HC1 


The  tetrahydroisoquinolines  behave  like  alkylated  benzylamines,  while  tetra- 
hydroquinoline  has  the  properties  of  an  alkylated  aniline: 


/CH2— CII2 

c6h4<  I 

XNH— CII2 

Tetrahydroquinoline 


/CH2— ch2 
c6h4<  I 

XCH2— NH 


Tetrahydroisoquinoline 
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1,2,3,4-Tetrahydroisoquinoline,  b.p.  233°,  from  phenethylaminc,  and  con¬ 
centrated  hydrochloric  acid,  or  by  reduction  of  isoquinoline,  is  a  strong  base 
which  absorbs  CO2  from  the  air;  when  warmed  it  reduces  ammoniacal  silver 
solution.  Like  piperidine  (p.  220)  it  is  oxidized  by  H202  to  an  N -oxide,  m.p.  77°. 
Nitroso  derivative,  m.p.  33°;  picrate  m.p.  195°.  2,2-Dimethyltetrahydroiso- 
quinolinium  iodide,  C9H10N (CH3)2I,  m.p.  189  °,  is  formed  from  methyl  iodide  and 
tetrahydroisoquinoline.  The  2-methyltetrahydroisoquinoline,  b.p.  212°,  is  best 
prepared  by  reduction  of  the  2-methylisoquinolinium  iodide  with  Cu  and  hydro¬ 
chloric  acid;  it  is  oxidized  by  chromic  acid  to  N-methylphthalonimide  ( Freund , 
Beck,  Ber.  37,  1943) .  For  the  Hofmann  decomposition  of  the  dimethyl-1, 2,3,4- 
tetrahydroisoquinolinium  iodide  to  o-(N,N-dimethylaminomethyl)  -styrene  (I), 
see  v.  Braun ,  Kohler,  Ber.  51,  102.  In  contrast  to  the  stability  of  the  quinoline 


/CH:CH2 

c6h4< 

xCH2-N(CH3)2 

(I) 


ch2 — ch2 
c6h<  I 

xCOOH  NHCOC6H5 
(II) 


/CII2 

c6h4< 

xco- 


-gh2 

I 

-NH 


(III) 


ring,  the  ring -fission  in  the  isoquinoline  series  is  not  difficult;  the  isoquinoline 
ring  opens  very  readily  on  exhaustive  methylation  ( cf .  the  relative  ring -stability 
of  cyclic  bases:  v.  Braun,  Ber.  49,  2629).  N-Ethyl-  and  N-propyltetrahydro- 
isoquinoline  each  yield  with  the  1-menthyl  ester  of  iodoacetic  acid  two  stereoiso- 
meric  addition  products,  C9Hi0N(R)  (CH2COOCioHi9)I,  having  different  optical 
rotation;  from  these,  by  elimination  of  menthol  with  moist  silver  oxide,  two  pairs 
of  betaines  of  the  formula : 

/CH2-CH2x  /R 

C6hZ  J>N(-0 - 7C0 

\ch2/ 


of  opposite  optical  activity  are  formed.  This  is  a  synthesis  of  an  optically  active 
compound  of  pentavalent  nitrogen  ( Wedekind ,  Bandau,  Ann.  401,  336;  404, 
322).  N-Benzoyltetrahydroisoquinoline,  b.p.  245-250°  (50  mm.),  is  converted 
by  oxidation  with  KMn04  to  /S-benzojdaminoethyl-o-benzoic  acid  [see  formula 
(II)  shown  above] .  The  latter  dehydrates  readily  to  the  benzoyl  derivative  of 
hydroisocarbostyril  (III),  m.p.  71°  ( Bamberger ,  Dieckmann,  Ber.  26,  1220). 
l,2-Dimethyl-l,2,3,4-tetrahydroisoquinoline,  b.p.  126°  (20  mm.).  2-Methyl- 

1- benzyltetrahydroisoquinoline,  C9H9(CH2C6H5)NCH3,  b.p.  178°  (12  mm.),  is 
the  parent  compound  of  laudanosine  (p.  366) ;  it  is  converted  by  the  Hofmann 

yCH:CHC6H5 

reaction  (p.  221)  to  o-vinylstilbene,  C6H4<(  ,  ( Freund ,  Bode,  Ber.  42, 

XNU.CIU 

1750) .  Oxidation  with  Mn02  and  dilute  H2S04  splits  off  the  benzyl  group  in  the 
form  of  benzaldehyde,  leaving  o-|3-methylaminoethylbenzaldehyde,  from  which 

2- methyldihydroisoquinolinium  salts  can  be  formed  with  acids  ( Pyman ,  J.  95, 
1738) : 


/CH2 - CH2 

c6h4<  1 

xCH(CH2C6H5)-N-CH3 


CH2— CIL 


C6H/ 


'XCI40  NHCHa 


HI 

- > 

< - 

NaOH 


/CH2— ch2 

<  I 

xCH=N(CH3)I 


Cf.  the  decomposition  of  2-methyl-l-benzylisoquinolinium  iodide  (p.  252)  and 
of  the  dihydropyridines  (p.  218).  6,7-Dimethoxyisoquinoline,  b.p.  207° 
(24  mm.),  is  similarly  formed  from  tetrahydropapaverine  (Pyman,  J.  95,  1610; 
97,264). 

1,2, 3, 4 -Tetrahydroisoquinoline -3 -carboxylic  acid,  m.p.  311°  (with  decom¬ 
position  into  C02  and  tetrahydroisoquinoline),  is  obtained  from  phenylalanine, 
methylal,  and  concentrated  hydrochloric  acid  ( Pictet ,  Spengler,  Ber.  44,  2034). 

The  homophthalimides  are  dioxotetrahydroisoquinolines,  l,3(2,4)-isoquino- 
linediones,  while  the  phthalonimides  are  trioxo  derivatives. 
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Other  derivatives  of  tetrahydroisoquinoline  are  berberine,  hydrastine,  narcotine, 
laudanosine,  and  apomorphine. 

Decahydroisoquinoline  has  been  obtained  in  two  stereoisomeric  modifications. 
The  cis-decahydroisoqumoline  is  produced  by  catalytic  reduction  of  isoquinoline 
with  colloidal  platinum  ( Skita ,  Ber.  57,  1982)  and  by  ring-closure  of  cfs-hexa- 
hydro-o-homoxylylenediamine  ( Heifer ,  Helv.  6,  785) .  The  trans- compound  is 
prepared  by  reduction  of  £rans-hexahydrohomophthalimide  with  Na  and  amyl 
alcohol  ( Heifer ,  Helv.  9,  814). 

cis -Form :  b.p.  97-98°  (15  mm.) ;  hydrochloride,  m.p.  176°;  chloroplatinate, 
m.p.201°;  picrate,  m.p.  144°. 

£rans-Form:  b.p.  81-83°  (12mm.) ;  hydrochloride, m.p.  216°;  chloroplatinate, 
m.p.  189°;  picrate,  m.p.  160°. 

Benz [g] isoquinoline,  6,7 -benzisoquinoline ,  anthraisopyridine  (I),  m.p.  166°, 
by  reduction  of  the  corresponding  quinone,  which  is  the  condensation  product  of 
4-benzoylnicotinic  acid  with  concentrated  H2S04  ( Philips ,  Ber.  28,  1658). 


(I) 


ryy\ 

N 

vW 


/\y — 

AwSy 

h2 


(ii) 


3 -Cyclopenta[ b] quinoline,  quinindene  (II).  Partially  hydrogenated  deriva¬ 
tives  of  this  ring  system  are  obtained  by  condensation  of  isatin  or  isatic  acid  with 
cyclopentanones  under  the  influence  of  aqueous  KOH : 
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|0  IRG - CII2 


N;H2  0;Cx  /CH 
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M.p.  297°  (dec.) 


l,2-Dihydro-3-cyclopenta[5] quinoline,  2,3 -trimethylenequinoline,  m.p.  60°,  by 
decarboxylation  of  the  carboxylic  acid.  The  hexahydro-3-cyclopenta[b\quinoline, 
containing  four  more  hydrogen  atoms,  exists  in  two  stereoisomeric  forms  ( Perkin , 
Plant,  J.  1928,  639). 


(d)  Acridines 

The  acridine  formula  is  derived  from  that  of  anthracene  by  replace¬ 
ment  of  one  of  the  middle  CH-groups  with  an  N-atom.  It  may  be 
designated  2, 3, 4, 5-  or  lin.-dibenzopyridine: 


8  9— ms  1 

tAA/X 


5  10  4 


For  the  distribution  of  the  double  bonds,  see  v.  Auwers,  Kraul,  Ber.  58,  543. 

Its  relation  to  quinoline  and  pyridine  is  evident  from  its  oxidation 
to  quinolinedicarboxylic  acid  and  pyridinetetracarboxylic  acid  (pp. 
242,  216).  Acridines  are  prepared: 

(1)  From  diphenylamine  with  carboxylic  acids  or  from  acyldi- 
phenylamines  by  heating  with  ZnCl2  ( Bernthsen ,  Ann.  224,  1) : 
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CHO 

C6II6x  |  /C6H6  - > 

N-Formyldiphenylamine 


/CHV 

c6h4<  >c6h4 

Acridine 


From  diphenylamine  and  homologous  fatty  acids,  aromatic  acids  and  dicar  - 
boxylic  acids,  meso-  or  9-derivatives  are  obtained  (Hess,  Bernthsen ,  Ber.  18, 
690;  Jensen ,  Howland,  Am.  48,  1988).  Substituted  diphenylamines,  (Best- 
horn,  Curtman,  Ber.  24,  2039),  ditolylamine,  phenylnaphthylamine,  and  similar 
compounds  react  like  diphenylamine . 

(2)  Several  acridine  derivatives  have  been  prepared  from  o-diamino  deriva¬ 
tives  of  di-  and  triphenylmethane  (Fischer,  Schulte,  Ber.  26,  3085) : 


CEE 


C6H4NH2 

C6Hs 


/CoIR. 

->  CH<f  W 

'C6IR 


c6h5cr 


C7H5(NH2)2 

C7H5(NH2)2 


U7H5(NH2)v 

->  c6h5c^  >n 

C7H5(NH2)/ 


Benzacridines  (naphthacridines)  are  formed  by  condensation  of  aldehydes  with 
anilines  and  naphthols  and  also  from  o-aminobenzyl  alcohol  or  o-aminobenzyl 
chlorides  with  naphthols  or  naphthylamines  (Ullmann,  Fetvadjian,  Ber.  36,  1027 ; 
Ullmann,  Fitzenkam,  Ber.  38,  3787;  Baezner,  Gardiol,  Ber.  39,  2623;  Senior , 
Compton,  J.  91,  1927). 

(3)  Benzacridines  are  produced  by  oxidation  of  o-tolylnaphthylamines  with 
sulfur  or  PbO  [ Ullmann ,  La  Torre,  Ber.  37,  2923;  Ullmann,  Buhler,  Z.  Farb. 
Textilchemie  4  (1906),  521] : 


NH 


c6h4  •  ch3 
c10h7 


■> 


c6h4. 

>CH 

c10h6/ 


(4)  Acridine  derivatives  can  be  synthesized  by  a  variation  of  the  Friedlander 
luinoline  synthesis;  thus,  4-methylacridine  is  prepared  from  o-aminobenzal- 
.ehyde  and  o-bromotoluene  (Jensen,  Friedrich,  Am.  49,  1049) : 


/\/\/\ 

\A-nKJ 

ch3 


A  similar  reaction  produces  nitroacridines  by  the  action  of  o-chlorobenzaldehyde 
on  nitroanilines  in  the  presence  of  copper  powder  (Mayer,  Stein,  Ber.  50,  1306) . 

2,4-Dinitrobenzaldehyde  condenses  with  benzene  derivatives  in  the  presence 
of  concentrated  H2S04  to  form  acridones,  with  displacement  of  the  negative  sub¬ 
stituents  (Tanasescu,  Bull.  [4]  41,  528). 

(5)  Acridones  (p.  261)  are  formed  by  condensation  of  arylanthranilic  acids, 
an  adaptation  of  an  anthraquinone  synthesis  (Ullmann,  Ann.  355,  318) : 


HOCOx 

C6H5x  >c6h4 

'NEF 


■» 


N-Phenylanthranilic  acid 


Acridone 


The  condensation  of  phenols  (naphthols,  or  the  like)  with  N-acetylanthranilic 
acid  gives  similar  products  (Schopff,  Ber.  25,  1983,  2740) . 

9-Phenylacridines  result  from  the  elimination  of  water  from  o-anilinobenzo- 
phenones  by  means  of  concentrated  H2S04  ( Ullmann ,  Ernst,  Ber.  39,  298;  Ull¬ 
mann,  Broido,  Ber.  39,  356) : 
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cjl 
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COC6H6 
■NH^ 


G 


,c6h5  - >  c6h4/  \c6h 


Another  example  of  this  type  of  synthesis  is  the  isomerization  of  N -arylisatins 
or  the  elimination  of  water  from  N-arylisatinic  acid  salts  by  heat,  yielding  salts  of 
9-acridinecarboxylic  acids.  By  a  similar  reaction  this  acid  is  also  prepared  from 
diphenylamine,  oxalyl  chloride  and  AlCb  ( Friedldnder ,  Kunz,  Ber.  55,  1600; 
StolU,  J.pr.  105,  137) : 


/CO-COOH 

C6H4<  /C6H5 

XNH - / 


C02H 

/  \ 


C.H,<  >C6H4 

\n^ 


The  acridines  are  very  stable  compounds.  They  are  weaker  bases 
than  the  pyridines  and  quinolines.  They  add  alkyl  iodides  to  form 
alkjdacridinium  iodides,  which  resemble  the  pyridinium,  quinolinium, 
and  isoquinolinium  iodides  (pp.  201,  230,  251),  e.g.,  in  their  conver¬ 
sion  to  N-alkylacridones  by  alkaline  potassium  ferricyanide.  When 
reduced,  the  acridines  yield  dihydroacridines,  which  are  readily  oxi¬ 
dized  back  to  acridines.  Acridine  occurs  in  the  crude  anthracene 
from  coal  tar.  Several  of  its  derivatives  are  technically  important  as 
dyes.  Because  of  their  antiseptic  action,  a  number  of  acridine  com¬ 
pounds  are  used  therapeutically;  among  these  is  trypaflavine  or 
acriflavine  [Neuschaefer,  Med. Klin.  1918,  No.  34,  4  pp. ;  Neufeld ,  Schie - 
mann,  Deut.med.Woch.  45  (1919),  844;  for  a  summary  of  its  scope 
of  applicability,  see  Pharm.Ber.  (1927),  36].  Many  acridine  salts 
find  use  as  seed  disinfectants  (Ger.  Pat.  394255,  1919). 

Acridine,  m.p.  110°,  sublimes  even  at  100°.  Its  solutions  show 
a  blue  fluorescence.  It  is  isomeric  with  phenanthridine  and  the 
benzoquinolines.  In  addition  to  the  general  syntheses  given  above, 
it  is  also  prepared  from  diphenylamine  and  chloroform  by  heating 
with  ZnCl2  at  200°  ( Fischer ,  Korner,  Ber.  17,  101)  and  from  acridone 
by  distillation  with  zinc  dust  {Rave,  Tollens,  Ann.  276,  58).  Hydro¬ 
chloride,  yellow,  m.p.  225°.  With  boiling  sodium  bisulfite  solution 
acridine  forms  the  sodium  salt  of  9,10-dihydroacridine-9-sulfonic  acid, 
which  can  be  used  for  the  separation  of  acridine  from  a  basic  mixture 
(Lehmstedt,  Wirth,  Ber.  61,  2044;  Ger.  Pat.  440771,  1925,  Frdl.  XV, 
342).  Acridine  is  oxidized  by  KMn04  to  acridinic  acid,  2,3-quinoline- 
dicarboxylic  acid.  Metallic  sodium  converts  it  to  a  metallo-organic 
compound,  which  reacts  with  water  to  give  9,10-dihydroacridine 
(Schlenk,  Bergmann,  Ann.  463,  281).  WTien  the  acridinium  com¬ 
pounds  (see  below)  are  oxidized,  the  heterocyclic  ring  is  broken,  and 
derivatives  of  diphenylamine-o-carboxylic  acid,  CeH5  •  NH  •  CeH4  •  - 
COOH,  are  formed. 

Halogens  react  with  acridine  in  chloroform  or  carbon  disulfide  solution  to  give 
loose  addition  compounds  (perhalides)  having  the  formula,  Ci3H9N(Hlg)2, 
which  decompose  into  acridine  in  water,  or  even  partially  on  standing.  Per- 
chloride,  m.p.  240°;  perbromide,  m.p.  187°;  periodide,  m.p.  145°  ( Senier , 
Austin,  J.  85,  1196). 

2-Methyl-  and  4-methylacridine,  m.p.  134°  and  88°,  from  o-aminobenzalde- 
hyde  and  p-  and  o-bromotoluene  ( Jensen ,  Friedrich,  Am.  49,  1049). 
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9-Methylacridine,  m.p.  114°,  from  N-acetyldiphenylamine,  like  quinaldine 
and  picoline,  forms  condensation  products  with  benzaldehyde,  with  chloral  and 
with  formaldehyde  ( Homberger ,  Jensen,  Am.  48,  800) :  Ci3H8NCH2CH(OH)C6H5, 
m.p.  197°  {Friedlander ,  Ber.  38,  2840),  and  Ci3H8NCH2CH(OH)CCl3.  The 
latter  product  is  transformed  by  alkali  to  9-acridineacrylic  acid,  Ci3H8NCH:- 
CHCOOH,  which  is  oxidized  by  KMn04  to  acridinecarboxaldehyde,  Ci3H8- 
NCHO,  and  then  to  9-acridinecarboxylic  acid,  Ci3H8NCOOH  ( Bernthsen ,  Muh- 
lert,  Ber.  20,  1541).  9-Benzylacridine,  Ci3H8(CH2C6H6)N,  m.p.  173°,  from  di- 
phenylamine  with  phenylacetic  acid  and  ZnCl2  at  200°  ( Decker ,  Hock ,  Ber.  37, 
1565). 

9-Phenylacridine,  m.p.  181°,  from  diphenylamine  and  benzoic  acid,  crystal¬ 
lizes  from  benzene  with  benzene  of  crystallization.  9-p-Dimethylaminophenyl- 
acridine,  (Ci3H8)C6H4N(CH3)2,  m.p.  279°,  by  condensation  of  acridone  and  di- 
methylaniline  with  POCl3  ( Ullmann ,  Bader,  Labhardt,  Ber.  40,  4795) .  9-Phenyl- 
acridol,  see  Landauer,  Bull.  [3]  31,  1083.  9-Acridine-o-benzoic  acid,  N(C6H4)2- 
CC6H4COOH,  m.p.  347°,  is  obtained  from  diphenylamine  and  phthalic  acid; 
when  warmed  with  methyl  iodide  it  is  converted  into  the  hydriodide  of  its  methyl 
ester,  m.p.  173°  ( Decker ,  Hock,  Ber.  37,  1007).  With  fuming  sulfuric  acid  it 
condenses  to  a  compound  combining  an  anthraquinone  and  an  acridine  nucleus : 

C6H4  •  c=c6h4 


;  this  compound  is  also  obtained  from  1-anilinoanthraquinone, 


CO— C6H3-N 

and  resembles  the  ceroxenes  (p.  192)  in  formation  and  behavior  [ Dammann , 
Gattermann,  Z.Farb.Textilchemie  1  (1902),  325;  Decker,  Ann.  348,  242]. 


Benz  [a]  acridine 


( 1 3-naphthacridine) , 


yCH. 

C»H,<  >C10H8, 


m.p.  131°,  from 


formaldehyde,  aniline,  and  2-naphthol,  from  o-aminobenzyl  alcohol  or  o-amino- 
benzyl  chloride  with  2-naphthol  ( Ullmann ,  Baezner,  Ber.  35,  2670;  Baezner, 
Ber.  37,  3078)  and  from  o-tolyl-2-naphthylamine  by  oxidation  with  PbO.  An 
unusual  formation  of.  the  benzacridine  nucleus  occurs  when  dihydronaphtho- 
[2,l-6]furan-l,2-dione  is  digested  with  two  molar  proportions  of  aniline  in 
glacial  acetic  acid,  which  yields  9-benz[a]acridinecarboxylic  acid,  m.p.  284° 
{Saftein,  Ber.  58,  1958).  Benz  [c]  acridine  {oc-naphthacridine) , 


C«H,<  >C10H, 


N 


m.p.  108°,  by  oxidation  of  o-tolyl-l-naphthylamine  with  PbO  ( Ullmann ,  La 
Torre,  Ber.  37,  2922).  Benzfa]-  and  benz[c] acridine  are  formed  pyrogenically 
from  N-benzylidene-1-  and  2-naphthylamine,  CeHsCHrNCioHr,  although  N- 
benzylideneaniline  under  the  same  conditions  yields  phenanthridine  (p.  264), 
not  acridine. 

Of  the  six  theoretically  possible  dibenzacridines,  four  are  known  {Simon, 
Maugrin,  C.r.  143,  427):  dibenz[aA] acridine,  m.p.  228°,  and  dibenz[ey]- 
acridine,  m.p.  216°,  from  trioxymethylene  and  2-naphthol  with  1-  and  2- 
naphthylamine,  respectively  {Ullmann,  Fetvadjian,  Ber.  36,  1027.  Dibenz[c/i]- 
acridine,  m.p.  185°,  from  dichloromethane  and  1-naphthylamine.  The 
fourth  isomer,  dibenzf ai] acridine,  m.p.  203°,  has  been  prepared  by  dis¬ 
tillation  of  the  corresponding  dibenzacridone  with  zinc  dust  {Strohback,  Ber.  34, 
4146;  cf.  Mohlau,  Haase,  Ber.  35,  4164).  Tetrabenz[a,c,/ij] acridine,  diphen- 
anthr acridine,  from  dichloromethane  and  9-aminophenanthrene  {Austin,  J.  93, 
1760). 

NITRO ACRIDINES.  2-Nitroacridine,  m.p.  215°,  and  4-nitroacridine,  m.p. 
167°,  by  nitration  of  acridine  {Mayer,  Stein,  Ber.  50,  1306;  Lehmstedt,  Ber.  60, 
1370).  The  4-nitro  derivative  is  also  obtained  from  o-chlorobenzaldehyde  and 
o-nitroaniline  in  the  presence  of  Cu -powder  {Mayer,  Stein,  Ber.  50,  1306). 

AMINO  ACRIDINES.  4-Aminoacridine,  m.p.  105°,  by  reduction  of  the  corre¬ 
sponding  nitro  compound  {Lehmstedt,  Ber.  60,  2413). 

CHRYSANILINE,  9-p-aminophenyl-2-aminoacridine : 


NH2C6H 


C(C6H4NH2) 
N - 


c6h4 
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m.p.  268°,  is  the  principal  constituent  of  the  dye  phosphin,  which  is  formed  as  a 
side-product  in  the  manufacture  of  rosaniline  (Vol.  Ill,  p.  534).  The  salts  are 
red,  give  solutions  having  a  yellow -green  fluorescence,  and  dye  silk  and  wool  a 
beautiful  yellow.  The  formation  of  chrysaniline  from  pararosaniline  follows  the 
equation  for  method  2  for  the  preparation  of  acridines  (p.  257) . 

A  series  of  amino  derivatives  of  acridine,  9-phenylacridine  and  the  corre¬ 
sponding  alkylacridinium  salts  are  yellow  to  orange-red  dyes  {Ullmann,  Martt, 
Ber.  34,  4307).  These  include  3,6-diaminoacridine,  m.p.  284°  ( brown -yellow ) , 
first  obtained  from  tetraaminodiphenylmethane  by  heating  with  tin  salts  in  an 
autoclave,  but  produced  in  better  yield  from  m-phenylenediamine  by  heating 
with  formic  acid  in  the  presence  of  glycerol  and  dehydrating  agents  (Ger.  Pat. 
347819,  1920,  Frdl.'  XIV,  799).  Acriflavine,  trypaflavine ,  3, 6 -diamino -10- 
methylacridinium  chloride,  used  as  an  antiseptic.  Rivanol,  2-ethoxy -6,9 -di- 
aminoacridine  lactate  (Apoth.-Ztg.  44,  No.  58;  C.  1929,  II,  2074) .  Acridine  yellow, 
2, 7 -dimethyl -3,6-diaminoacridine,  prepared  from  tetraaminoditolylmethane  by 
heating  with  hydrochloric  acid  and  oxidizing  with  ferric  chloride.  Benzoflavine, 
6 -phenyl-3, 6 -diamino -2, 1 -dimethylacridine,  m.p.  231°,  from  benzaldehyde  and 
w-toluylenediamine  {Meyer,  Gross,  Ber.  32,  2352). 

9-Amino-  or  alkylaminoacridines,  which  can  be  obtained  from  the  reaction  of 
9-chloroacridines  with  ammonia  and  aliphatic  amines,  are  of  interest  because  of 
their  quinine-like  action  (Ger.  Pat.  360421,  1919,  Frdl.  XIV,  800;  and  numerous 
supplementary  patents) . 

9-Ethylaminoacridine,  m.p.  145°,  from  9-acridinepropionic  acid  by  the  Curtins 
reaction. 

CARBOXYLIC  ACIDS.  9-Acridinecarboxylic  acid,  m.p.  290°  {Lehmstedt, 
Wirth,  Ber.  61,  2044).  9-Acridinepropionic  acid,  methyl  ester,  m.p.  95°,  by 
heating  diphenylamine  with  succinic  acid  and  ZnCl2  at  200°  ( Jensen ,  Howland, 
Am.  48,  1988). 


HYDRO  ACRIDINES.  9, 10 -Dihydroacridine,  ms-acridane,  NH(C6H4)2CH2, 
m.p.  168°,  results  from  reduction  of  acridine  with  zinc  dust  and  hydrochloric 
acid  or  with  sodium  amalgam  in  alcoholic  solution.  The  basic  properties  of 
acridine  are  lost  in  the  conversion  to  dihydroacridine.  The  latter  reduces  am- 
moniacal  silver  nitrate  with  the  regeneration  of  acridine.  It  has  been  found  in 
coal  tar  {Decker,  Dunant,  Ber.  42,  1178).  10-Methyl-  and  10-phenyldihydro- 
acridine,  m.p.  96°  and  119°,  by  reduction  of  the  corresponding  acridones  {Decker, 
Dunant,  Ber.  39,  2720;  Ullmann,  Maag,  Ber.  40,  2515) .  A  number  of  alkylated 
9, 10 -dihydroacridines  have  been  obtained  by  the  reaction  of  10-alkylacridinium 
iodides  with  alkylmagnesium  halides:  9,10-dimethyl-,  9-ethyl-,  9-benzyl-,  and 
9-phenyl-10-methyldihydroacridine,  CH3N(C6H4)2CHR,  m.p.  138°,  72°,  108°, 
and  104°.  Oxidation  with  iodine  solution  converts  these  dihydroacridines  into 
the  methyl  iodide  addition  products  of  9-alkylacridines,  which  can  again  be 
treated  with  alkylmagnesium  halides  {Freund,  Bode,  Ber.  42,  1746).  Deriva¬ 
tives  of  9,9-dialkyl  (or  diaryl) -9, 10-dihydroacridines  have  been  prepared  by  the 
action  of  alkyl(or  aryl) magnesium  halides  on  N-phenylanthranilic  acid  methyl 
ester  {Goldstein,  Kopp,  Ilelv.  11,  478,  486). 

1,2,3,4-Tetrahydroacridines  have  been  synthesized  by  adaptation  of  methods 
2  and  4e  for  the  preparation  of  quinolines  (pp.  226,  228)  to  ketones  of  the  cyclo¬ 
hexane  series:  ( 1 )  by  condensation  of  cyclohexanones  with  aromatic  o-amino- 
aldehydes  and  ketones;  {2)  by  condensation  of  2-acylcyclohexanones  with  aniline 
and  its  homologues  {Borsche  Ann.  377,  70;  Ber.  41,  2206) .  1,2,3,4-Tetrahydro- 

.  •  ^  ^CH\ 

acridine  C6H4<<(  >C6H8,  m.p.  55°,  is  converted  to  acridine  by  distillation  over 

^  N  / 


lead  oxide;  it  is  best  obtained  through  its  9-carboxylic  acid  {Perkin,  Sedgwick,  J. 
125,2437). 

l,2,3,4,9,10,9a,9b-Octahydroacridine,  two  racemic  forms,  m.p.  82°  and  72°, 
by  further  reduction  of  tetrahydroacridine  {Perkin,  Sedgwick,  J.  125,  2437; 
resolution  of  the  rac.  forms:  Perkin,  Sedgwick,  J.  1926,  438) .  Perhydroacridine, 
m.p.  80°,  b.p.  140°  (14  mm.) ;  picrate,  m.p.  167°  {v.  Braun,  Petzold,  Schultheiss, 
Ber.  56,  1347).  Hydrogenated  acridine  derivatives  have  been  patented  as  in¬ 
secticides  (Ger.  Pat.  409509,  1923). 


ALKYLACRIDINIUM  COMPOUNDS.  10-Methylacridinium iodide,  C13H9N- 
(CH3I),  reacts  like  the  alkyl  iodide  addition  products  of  pyridine,  quinoline,  and 
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isoquinoline  (pp.  201,  230,  and  251).  With  sodium  hydroxide  10-methyl-9,10- 
dihydro-9-acridol  is  formed,  due  to  a  rearrangement  of  the  unstable  base  ( Bunzly , 
Decker,  Ber.  37,  576).  The  methyldihydroacridol  is  converted  by  acids  to  acri- 
dinium  salts,  by  alkaline  potassium  ferricyanide  solution  to  10-methylacridone, 
and  by  warming  with  aqueous  sodium  hydroxide  alone  to  a  mixture  of  10-methyl- 
dihydroacridine  and  10-methylacridone  ( Pictet ,  Patry,  Ber.  35,  2534) : 


CH=  (C6H4)2:  N 


I 

CH3 


NaOH  HOv 

: - »  >c(C6h4)2nch3 

HI  H/  - - > 


H2C(C6H4)2NCH3 

OC(C6II4)2NCH3 


By  an  analogous  reaction,  9-phenyl-10-methylacridinium  iodide  yields  9- 

c6h5x 

phenyl-10-methyl-9-dihydroacridol,  >C(C6H4)2NCH3,  which  is  also  ob- 

HCK 

tained  from  10-methylacridone  with  phenylmagnesium  bromide,  and  which  re¬ 
generates  the  acridinium  salts  when  treated  with  acids  ( Bunzly ,  Decker,  Ber.  37, 
575) .  Instead  of  the  hydracridol,  10-methyl-9-benzylacridinium  iodide  gives  10- 
methyl-9-benzylidenedihydroacridine,  C6H5CH:C(C6H4)2NCH3,  m.p.  141°, 
which  decomposes  readily  into  benzaldehyde  and  10-methylacridone  ( Decker , 
Hock,  Ber.  37,  1564).  By  an  analogous  reaction,  the  methyl  iodide  addition 
product  of  9-acridinebenzoic  acid  ester  is  converted  by  aqueous  sodium  hydroxide 
into  10-methyldihydro-9-hydroxyacridinebenzoic  acid  lactone,  m.p.  245°,  which 
yields  the  methyl  chloride  addition  product  of  acridinebenzoic  acid  when  treated 
with  hydrochloric  acid  ( Decker ,  Hock,  Ber.  37,  1002) : 


COOCH3 


Cl  (C6H4)2:  N- 


I 

ch3 


coo 

c6h4  ■ 


C(C6H4)2NCH3 


■> 


C02H  /Cl 

|  /C:  (C6H4)2:  N< 

c6h/  xch3 


With  alkylmagnesium  halides  the  alkylacridinium  iodides  give  9,10-dihydro- 
acridines  (see  above),  and  with  potassium  cyanide,  10-alkyl-9-cyanodihydro- 
acridines  ( Freund ,  Bode,  Ber.  42,  1746;  Kaufmann,  Albertini,  Ber.  44,  2052) : 


H4)2NCH3 


KCN 
< - 


CH:  (C6H4)2:  N 


I 

CH3 


CHjMgl 
- > 


I 


\ 


9(10)  -ACRID  ONE ,  9  -oxo  -9 , 1 0  -dihydroacridine , 


is  prepared  from  acridine  by  the  action  of  calcium  oxychloride  in  the  presence  of 
cobalt  salts.  It  is  synthesized  from  phenylanthranilic  acid  with  H2S04  at  100° 
and  from  salicylanilide  by  dry  distillation,  presumably  after  a  preliminary  re¬ 
arrangement  into  phenylanthranilic  acid;  salicyltoluides  yield  methylated  acri- 
dones  ( Pictet ,  Hubert,  Ber.  29,  1189) .  An  interesting  formation  of  acridone  is  the 
rearrangement  of  C-phenylanthranil  when  heated  alone  or  by  the  simultaneous 
action  of  concentrated  H2S04  and  nitrous  acid  ( Kliegl ,  Ber.  42,  592;  Bamberger , 
Ber.  42,  1716): 


(c/.  the  conversion  of  C-methylanthranil  into  indoxyl) .  With  methyl  iodide  and 
alkali,  acridone  gives  10-methylacridone,  CO(C6H4)2NCH3,  m.p.  203°,  whose 
formation  from  methylacridinium  iodide  is  mentioned  above.  With  phosphorus 
sulfide  the  product  is  thioacridone,  9-thio -9,10 -dihydroacridine,  CS(CeH4)2NH 
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or  HS*C(C6H4)2N,  m.p.  275°,  which  is  also  obtained  from  acridine  by  heating 
with  sulfur.  Thioacridone  is  acidic,  and  is  alkylated  on  the  sulfur  atom  by  alkali 
arid  alkyl  halides:  9-methyhnercaptoacridine,  N(C6H4)2CSCH3,  m.p.  114°. 
With  PC15,  both  acridone  and  thioacridone  give  9-chloroacridine,  m.p.  119°. 
9-Bromoacridine,  m.p.  116°,  from  thioacridone  with  phosphorus  bromide.  9- 
Iodoacridine,  m.p.  169°,  from  bromoacridine  with  Nal  ( Edinger ,  Arnold,  J.pr. 
64,  471).  When  10-methylacridone  is  heated  with  PC15,  10-methylchloroacri- 
dinium  chloride,  m.p.  73  °,  is  formed;  this  reacts  with  aniline  to  give  10-methyl-9- 
anilinoacridinium  chloride,  the  hydroxide  of  which  can  be  converted  by  elimina¬ 
tion  of  water  to  the  anil  of  10-methylacridone,  C6H5N :  C(C6H4)2NCH3,  m.p.  163  0 
( Fischer ,  Demeler,  Ber.  32,  1309).  Acridone  is  reduced  by  zinc  dust  to  acridine, 
and  by  Na  and  alcohol  to  dihydroacridine.  For  the  reduction  of  10-methylacri¬ 
done,  see  Decker,  Dunant,  Ber.  42,  1176.  10-Phenylacridone,  CO(CeH4)2N- 
C6H5,  m.p.  276°,  from  diphenylanthranilic  acid  and  concentrated  H2S04  ( Gold¬ 
berg ,  Nimerovsky,  Ber.  40,  2450). 

The  following  derivatives  are  obtained  by  methods  similar  to  those  used  for 
acridone  itself:  4-methylacridone  (I),  m.p.  346°;  2-methylacridone,  m.p.  338°; 
2,4-dimethylacridone,  m.p.  297°  ( Kaufmann ,  Ann.  279,  281;  Ullmann,  Ann.  355, 
3  18) ;  benzacridone  (II),  dibenzacridone  (III)  (see  Schopff,  Ber.  25,  2744) . 


/COv  /CCk  .CO. 

(I)  CH3C6H<  been,  (II)  C6H4<  >C:oH6  (III)  c10h6<  >c10h6 

nNH/  Xnttt/  Xattt/ 


"NH" 


For  naphthacridinetrione,  see  Ullmann,  Sone,  Ann.  380,  336;  Ger.  Pats.  221853 
and  237236  (1910)  and  246966  (1911),  Frdl.  X,  703,  708,  725. 


1,2,3,4-Tetrahydroacridone,  C6H 


'C6H8,  m.p.  238°,  by  condensation  of 


cyclohexanone  with  anthranilic  acid  ( Tiedtke ,  Ber.  42,  621;  Perkin,  Sedgwick,  J. 
125,  2437).  Decahydroacridine-l,8-dione,  CH2(C6H60)2NH,  from  2,2',6,6'- 
tetrahydroxydiphenylmethane  with  alcoholic  NIi3,  is  reduced  with  zinc  dust  to 
acridine,  and  is  oxidized  by  N2Q3  to  octahydroacridinedione,  m.p.  141 0  ( Vorlander 
Ann.  309,  353) . 

Peculiar  acridine  derivatives  are  formed  by  the  condensation  of  acylcarbazoles 
( Bizzarri ,  Gazz.  21,  II,  158,  351)  : 


N-Benzoylcarbazole  9-Phenylcarbazacridine,  m.p.  186° 


The  compounds  containing  an  acridine  nucleus  joined  to  one  or  two  pyridine 
nuclei  or  a  quinoline  nucleus  are  known  as  pyracridines  or  quinacridines : 


CH 

/VN^/\/\/\ 


n/vN/n/x/ 

CH  N 


Dipyrid  [3,2-a,  2,,3'-i]acridine, 
Dipyracridine 


Quin[2,3-b]acridine, 

2,3-Quinacridine 


v\ 


V 

Quin  [2,3-a]acridine, 
1 ,2-Quinacridine 


Dipyrid  [3,2-a,  2  ',3  '-j]  acridine,  dipyracridine,  m.p.  303°,  is  formed  by  the 
condensation  of  dichloromethane  with  6-aminoquinoline;  benzo[a]pyrid[2,3-,;']- 
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acridine  and  benzo[/i]pyrid[3,2-a]acridine  (the  naphthopyridacridines) ,  m.p. 
220°  and  268°,  are  prepared  from  dichloromethane  with  6-aminoquinoline  and 
2-  and  1-naphthol  (c/.  method  2  for  the  synthesis  of  acridines,  p.  257)  ( Senier , 
Compton,  J.  95,  1623). 

Quin [2,3 -6] acridine,  yellow  needles,  m.p.  245°,  is  obtained  from  the  product 
of  the  condensation  of  p-phenylenedianthranilic  acid  with  concentrated  H2S04, 
quinacridone  (I),  yellow  needles,  m.p.  394°,  by  reduction  with  sodium  and 
alcohol  to  the  dihydroquinacridine,  red  needles,  m.p.  243°,  and  subsequent 
oxidation  with  FeCl3  or  HN02.  The  quinacridone  is  converted  by  oxidation  with 
Pb02  in  benzene  in  the  presence  of  glacial  acetic  acid  to  a  compound  containing 
two  less  hydrogen  atoms,  the  quinone-like  dehydroquinacridone  (II),  which 


/NFL  /CCL 

(I)  c6h4<  >c6h2<  >c6h4 

/  vnttt/ 


forms  blue-black  flakes  giving  a  blue  solution  with  benzene  and  which  has  strong 
oxidizing  properties  ( Ullmann ,  Maag,  Ber.  39,  1693;  40,  2522;  Kalb,  Ber.  43, 
2209) . 

The  isomeric  quin [2,3 -a] acridine,  m.p.  213°,  is  prepared  by  zinc  dust  distilla¬ 
tion  of  the  hydroxyquinacridone  formed  when  phloroglucinol  and  anthranilic 
acid  are  heated  together : 


/COOH 

2  C6H4<  +  C6H603 

xNH2 


Phloroglucinol  condenses  similarly  with  o-aminobenzaldehyde  to  quinacri- 
dinol,  garnet-black  needles,  m.p.  360°;  at  the  same  time  1  mol  of  the  first  reac¬ 
tant  condenses  with  3  mols  of  the  second  togive  phloroquinyl,  diquin[2,3-a,2' ,3'-c] 
acridine: 


yellow-brown  needles,  m.p.  403°,  a  ring  homologue  of  pyrido[2,3-/][l,7]phen- 
anthroline  (p.  265)  ( v .  Niementowski,  Ber.  29,  76;  39,  385).  For  biacridines, 
see  Bazner,  Ber.  39,  2650. 


(e)  Phenanthridine 


Phenanthridine  may  be  regarded  as  a  benzo  derivative  of  quino¬ 
line,  and  also  of  isoquinoline.  Its  name  is  derived  from  phenanthrene 
and  pyridine,  since  its  formula  is  the  phenanthrene  formula  with  a 
nitrogen  atom  in  place  of  one  of  the  middle  methine  groups : 


A, 


10 


9 

/\ 


\/7 


'N= 


=ch/ 


Phenanthridine  is  isomeric  with  the  benzoquinolines  (p.  247). 


Phenanthridines  are  prepared  by  heating  the  acyl  derivatives  of  o-aminodi- 
phenyl  ( Pictet ,  Hubert ,  Ber.  29,  1182): 


C6H5  0:CCH3 


C6H5  0:CH 


C6II4— CH 


c6h4— cch3 
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Phenanthridine,  m.p.  104°,  b.p.  over  360°,  is  also  obtained  by  pyrolysis  of 
N-benzylideneaniline  (optimum  temperature:  800°,  porcelain  tube:  Pyl,  Ber. 
60,  287) : 

C6H5CH=NHC6H5  — C6H4CH=NC6H4 

The  corresponding  N-benzylidenenaphthylamines  give  derivatives  of  acridine 
(see  p.  259) .  Also,  benzylaniline,  containing  two  more  atoms  of  hydrogen,  gives 
acridine  when  decomposed  with  a  glowing  platinum  wire  {Meyer,  Hofmann,  Ber. 
37,  681). 

Phenanthridine  is  formed  from  N -methylcarbazole  in  the  same  way  that  pyri¬ 
dine  is  obtained  from  N-methylpyrrole  (p.  201),  and  quinoline  from  2-methyl- 
indole  (p.  229,  and  Pictet,  Ber.  38,  1950) : 


C6H4x  — 2H  c6h4— CH 

I  \nch3  - >  |  II 

c6h/  c6h4— n 

It  is  also  prepared  by  the  distillation  of  phenanthridone  with  zinc  dust.  Oxidation 
with  calcium  oxychloride  and  cobalt  nitrate  converts  it  to  phenanthridone  ( Pic¬ 
tet ,  Patry,  Ber.  26,  1964)  and  reduction  with  tin  and  hydrochloric  acid,  to  di- 
hydrophenanthridine,  m.p.  90°  {Pictet,  Ankersmit,  Ann.  266,  142) : 


C6H4CH2— NHCbH4 


6-Methyl-,  6-ethyl-,  and  6-phenylphenanthridine,  m.p.  85°,  55°,  and  109° 
{Pictet,  Hubert,  Ber.  29,  1184). 

i - 1 

6(5) -Phenanthridone,  C6H4CO — NHC6H4,  m.p.  293°,  is  obtained  from  phe- 
nanthrene  via  diphenamic  acid  by  treatment  with  bromine  and  alkali  {Oyster, 
Adkins,  Am.  43,  208) : 


C6H4, 


;C6H4 


->  c6h« 


;C6II4 


CONH2  COOH 


\  / 

NH2  COOH 


C6H4, 


;C6H4 


NH-CO 


Phenanthridones  substituted  in  the  benzene  nucleus  have  been  synthesized 
by  this  method  {Moore,  Huntress,  Am.  49,  1324).  Phenanthridone  also  results 
from  the  rearrangement  of  1-aminofluorenone  on  fusion  with  alkali  and  of  fluore- 
none  oxime  by  means  of  zinc  chloride  or  PCI5  {Moore,  Huntress,  Am.  49,  2618), 
and  finally  from  o-diphenylylurethan,  C6HBC6H4NHC02C2H5,  by  heating  with  zinc 
chloride  {Graebe,  Lagodzinski,  Ann.  276,  35;  Graebe,  Schestakow ,  Ann.  284,  306; 
Kerp,  Ber.  29,  230;  Pictet,  Hubert,  Ber.  29,  1188).  It  can  be  prepared  from 
phenanthridine  by  boiling  with  calcium  oxychloride  in  the  presence  of  cobalt 
salts  {Meyer,  Hofmann,  Mo.  37,  701).  With  PCI5  phenanthridone  gives  6- 

chlorophenanthridine,  C6H4CC1=NC6H4,  m.p.  116°.  5-Methyl-6 (5) -phenan¬ 
thridone,  m.p.  108°,  is  also  formed  from  5-methylphenanthridinium  iodide, 
C13H9N  -ICH3,  with  aqueous  sodium  hydroxide,  together  with  the  steam -volatile 
5-methyldihydrophenanthridine,  Ci3H20NCH3  {Pictet,  Patry,  Ber.  35,  2534) 
{cf.  the  analogous  reaction  with  the  pyridinium,  quinolinium,  and  isoquinolinium 
compounds,  pp.  201,  230,  251). 

3-Nitro-6 (5) -phenanthridone,  m.p.  349°;  8-nitro-6 (5) -phenanthridone,  m.p. 

293  0  {Hozer,  v.  Niementowski,  J.pr.  116,  43) . 

C10H3-NH 

Benzofc] phenanthridone,  a-naphthophenanthridone,  |  |  ,  m.p.  332°, 

C6H4CO 

c6h4-nh 

and  benzo[i] phenanthridone,  (3-naphthophenanthridone ,  \  |  ,  m.p.  338°, 

CxoHeCO 

from  a-  and  /3-chrysodiphenamic  acid,  are  converted  by  distillation  with  zinc  dust 


I 
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into  benzo[c]plienanthridine,  m.p.  135°,  and  benzo[i]phenanthridine,  m.p.  182° 
( Graebe ,  Ann.  335,  124). 

The  ring  systems  treated  in  the  last  four  sections  contain  a  pyridine  ring 
combined  with  one  or  more  benzene  rings.  The  reverse  situation,  in  which  a 
benzene  ring  is  flanked  by  several  pyridine  rings,  occurs  in  a  number  of  ring  sys¬ 
tems.  (There  are  28  possible  isomers.)  Here  also  there  is  a  tendency  toward 
angular  union  of  the  third  ring. 

The  most  important  of  these  systems  are  the  phenanthrolines  (I,  II,  III) : 


/y\ 

(i)  W\ 

N 

V' 

1 , 10-Phenanth  roline, 
o-Phenanthroline 


AA 
(id  Wv\ 

N 


1 , 7-Phenanthroline, 
m-Phenanthroline 


N 


(III)  AA/ 


4,7-Phenanthroline, 

p-Phenanthroline 


They  are  prepared  by  a  double  Skraup  synthesis  from  o-,  m-,  and  p-phenylene- 
diamine  or  by  the  formation  of  one  pyridine  ring,  starting  from  8-amino-  (for  I), 
7-amino-  (for  II)  and  6-aminoquinoline  (for  III).  While  with  o-phenylenedi- 
amine  the  reaction  can  only  produce  I,  with  m-  and  p-phenylenedi  amine,  a  linear 
arrangement  is  also  possible  for  the  two  pyridine  rings;  this  would  lead  to  ring 
systems  of  the  following  type,  for  which  members  are  not  yet  known: 


9  10  1 


9  10  1 

8A/V/n\2 


7^n=\/\/3 

6  5  4 


1,9-Derivative, 
Pyrido  [3, 2-g]  quinoline* 


1,6-Derivative, 
Pyrido  [2,3  -g  [quinoline  * 


That  the  angular  ring  systems  are  formed  exclusively  is  evident  from  the 
products  of  their  oxidation,  dicarboxylic  acids  which  are  converted  by  decarboxy¬ 
lation  to  derivatives  of  2,2'-,  2,3'-,  and  3,3'-bipyridines  (Smith,  Am.  52,  397). 

l,10(or  o)-Phenanthroline,  hydrate  m.p.  102°,  anhydrous  m.p.  117°,  b.p. 
360°,  from  o-phenylenediamine  by  the  Skraup  synthesis;  with  silver  salts,  on 
oxidation  with  ammonium  persulfate,  it  forms  a  very  stable  complex  salt  of  di¬ 
valent  silver  ( Hieber ,  Miihlbauer,  Ber.  61,  2149).  l,7(or  m)-Phenanthroline, 
Ci2H8N2(+  2H20),  m.p.  (65°)  78°,  from  ra-diaminobenzene  (Smith,  Am.  52, 
397)  or  7-aminoquinoline  (Skraup,  Vortmann,  Mo.  4,  569;  Marckwald,  Ber.  23, 
1016).  4,7(or  p)-Phenanthroline,  pseudophenanthroline ,  m.p.  173°,  from  3- 

aminoquinoline,  p-diaminobenzene  (Smith,  Am.  53,  397)  or  aminoazobenzene 
with  glycerol  and  sulfuric  acid,  is  oxidized  by  KMn04  to  2,3-  and  3 ,3 -bipyridine  - 
dicarboxylic  acids  (p.  206)  (Kaufmann,  Radosevic,  Ber.  42,  2612).  For  phenyl- 

l, 7-  and  phenyl -4, 7-phenanthrolinecarboxylic  acid,  from  7-  and  6-aminoquino¬ 
line  with  benzaldehyde  and  pyruvic  acid,  see  Willgerodt,  Jablonski,  Ber.  33,  2918; 
Willgerodt,  v.  Neander,  Ber.  33,  2928. 

In  conclusion,  pyrido [2,3-/]  [l,7]phenanthroline,  phenotripyridine ,  C6(C3H3N)3, 

m. p.  236°,  should  be  mentioned.  This  compound,  which  contains  three  pyridine 
nuclei  joined  to  a  benzene  nucleus,  is  prepared  from  1,3,5-triaminobenzene  by  the 
Skraup  synthesis;  it  is  very  resistant  to  oxidizing  agents  (Pictet,  Barbier,  Bull. 
[3]  13,  28). 


*  These  two  compounds  have  since  been  reported:  Ruggli,  Staub,  Helv.  20, 
919;  Ruggli,  Preiswerk,  Helv.  22,  484. 
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4.  SYSTEMS  CONTAINING  TWO  OR  MORE  ADJACENT 
CONDENSED  HETEROCYCLIC  RINGS 

(a)  Heterocyclic  Rings  Having  C — C  in  Common 

1 .  The  carboline  bases,  harmyrine  and  norharman ,  contain  a  combination  of  a 
pyridine  and  a  pyrrole  or  indole  ring : 


5  4 


6 

7 


/\ — A. 


V^N/W2 

8  H  1 


9-Pyrid  [2,3-6  ]indole, 
Carboline,  m.p.  210° 


4 

A 


N  6 

2\N/\// 

1  H  7 

1-Pyrrolo  [2,3-c  1-pyri¬ 
dine,  Harmyrine 


9-Pyrid  [3,4-6  ]-indole, 
Norharman 


Carbolinium  compounds  have  been  prepared  from  2-chloropyridine  and  o- 
phenylenediamine  over  various  intermediate  products  ( Lawson ,  Perkin ,  Robin¬ 
son,  J.  125,  626) . 

The  most  important  of  these  compounds  is  norharman,  since  it  is  the  parent 
compound  of  a  series  of  alkaloids  in  the  rue  of  the  Turkestan  steppes  ( Peganum 
harmala ),  including  harmeline  and  harmine  (see  the  section  on  alkaloids). 

For  the  synthesis  of  the  norharman  structure,  several  methods  have  been 
developed:  ( 1 )  Starting  from  3 -( (3 -aminoethyl)  indole,  by  joining  the  pyridine 
ring  according  to  the  isoquinoline  syntheses  ( Spath ,  Lederer,  Ber.  63,  120,  2102). 
(2)  Starting  from  N-substituted  indole -2 -carboxylic  acids,  which  are  reacted  in 
the  form  of  their  acid  chlorides  with  /3-aminoacetaldehyde  or  its  dimethyl  acetal, 
to  form  an  intermediate  product  which  is  converted  into  l-oxo-l,2-dihydro- 
norharman  by  warming  with  alcoholic  HC1  ( Kermack ,  Perkin,  Robinson,  J.  119, 
1602;  121,  1872).  (3)  From  tryptophan,  which  condenses  with  formaldehyde 

(or  other  aldehydes)  to  form  norharman -3 -carboxylic  acid,  from  which  norhar¬ 
man  can  be  obtained  ( Kermack ,  Perkin ,  Robinson,  J.  119,  1602;  cf.  Akabori, 
Saito,  Ber.  63,  2245) : 
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The  last  synthesis  is  of  interest  from  the  physiological  viewpoint,  since  it  is 
an  indication  of  the  course  of  the  synthesis  in  the  plant  of  the  alkaloids  of  this 
series. 

A  pyridine  ring  directly  condensed  to  a  pyrrole  ring  occurs  in  pyrindigo: 


^N\/C0\^  //C0\/N^ 

C=C 


the  analogue  of  indigo  in  the  pyridine  series.  It  is  produced  from  3-aminopicolinic 
acid  by  the  same  methods  used  in  the  synthesis  of  indigo  ( Sucharda ,  Ber .  58, 1724) . 

2.  QUININDOLINES  (I)  and  quindolines  (II)  have  a  quinoline  ring  fused 
with  an  indole  ring.  They  are  also  known  as  peri-  and  cma-quinindolines,  respec¬ 
tively  : 


(D 


/\/\ - /\ 


W\NH/v 


- /\ 

\Aanh/V 


(ii) 


Quinindoline,  peri-quinindoline ,  m.p.  343°,  is  formed  by  reduction  of  a-cyano- 
4,4/-dinitrobibenzyl,  N02C6H4CH2CH(CN)C6H4N02,  with  alcoholic  am¬ 
monium  sulfide  (p.  236  and  Soderbaum,  Ber.  30,  3020) .  An  interesting  isomeriza¬ 
tion  to  9-quinindolinecarboxylic  acid,  yellow,  m.p.  over  300°  (with  decarboxyla¬ 
tion  to  quinindoline)  occurs  when  isoindigo  (p.  84)  is  treated  with  alkali  ( Fried- 
lander ,  Sander,  Ber.  57,  650).  Another  quinindoline  synthesis  starts  from  2- 
chloroquinoline  ( Lawson ,  Perkin,  Robinson,  J.  125,  626).  The  isomeric  quin- 
doline,  ana-quinindoline,  m.p.  248°,  is  obtained  by  condensation  of  indoxyl  or 
indoxylic  acid  with  o-aminobenzaldehyde  or  by  reduction  of  the  quinindoline diol : 


yN=C — C6H4 

<  I  I 

XC(OH):C— N(OH) 


m.p.  over  300°,  with  HI  and  phosphorus;  the  latter  compound  results  from  the 
action  of  alcoholic  sodium  hydroxide  solution  on  4,4'-dinitrobibenzyl-a-malonic 
ester.  Quindolinecarboxylic  acid,  C15H9N2CO2H,  is  prepared  by  condensation 
of  indoxyl  with  isatinic  acid  in  alkaline  solution  or,  with  intermediate  formation 
of  these  components,  by  heating  indigo  with  sodium  hydrosuifite  and  alkali 
( Fichter ,  Rohner,  Ber.  43,  3489;  Noelting,  Steuer,  Ber.  43,  3512). 

3.  For  compounds  containing  a  pyridine  ring  combined  with  a  benzimidazole, 
indazole,  or  benzotriazole  ring,  see  Fries,  Ann.  454,  121.  A  bicyclic  system  of  a 
pyridine  and  a  thiophene  ring  is  the  basis  of  thiopyrindigo  [Plazek,  Sucharda, 
Roczniki  Chem.  7  (1927),  187] : 


4..  The  naphthyridines  contain  two  pyridine  rings  fused  together.  Only  the 
most  important  of  the  isomers  are  mentioned  here. 

1,8-Naphthyridine  (III),  gold  salt,  m.p.  225°  (dec.),  is  formed  by  reduction 
of  2,4-dichloro-l,8-dinaphthyridine,  which  is  obtained  in  turn  from  1,8-naph- 
thyridine-2,4-diol,  the  product  of  the  condensation  of  2-aminonicotinic  acid  ester 
and  malonic  ester  ( Roller ,  Ber.  60,  407,  1572).  However,  the  Skraup  synthesis 
cannot  be  applied  to  2-aminopyridine  ( Seide ,  Ber.  59,  2465).  Octahydro-1,8- 
naphthyridine,  platinum  salt,  m.p.  212°,  has  been  synthesized  by  distillation  of 
di-(y-aminopropyl) acetic  acid  ( Reissert ,  Ber.  27,  982) .  Benzo  derivatives  of  1,8- 
naphthyridine,  called  naphthinolines,  have  been  reported  ( Reissert ,  Ber.  27, 2244; 
Roller,  Strang,  Mo.  50,  144). 
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1.5 - Naphthyridine  (IV),  m.p.  75°,  from  3-aminopyridine  by  the  Skraup  syn¬ 
thesis,  and  from  3-aminopicolinic  acid  with  phloroglucinol  ( Bobranski ,  Sucharda, 
Ber.  60,  1082) . 

2.5- Naphthyridine  (V) ,  benzo  derivatives  of  this  naphthyridine  have  been  ob¬ 
tained  by  the  action  of  o-aminobenzaldehyde  on  2,4,6-pyridinetriol. 

For  the  preparation  of  derivatives  of  the  1,6-  and  1,7 -naphthyridines ,  see  Fels, 
Ber.  37,  2129;  of  2 ,7 -naphthyridine ,  see  Gabriel,  Colman,  Ber.  35,  1358. 


(b)  Heterocyclic  Rings  Having  C — C — C  in  Common 

Few  examples  of  this  type  are  known.  In  pydine,  3 -ox -7 -azabicyclo[ 3, 3,1]  - 
nonane  (I) ,  there  is  a  bicyclic  combination  of  a  pyrane  and  a  piperidine  ring,  and  in 
bispidine,  3 ,7 -diazabicyclo [3 ,3,1] nonane  (II),  an  analogous  one  of  two  piperidine 
rings : 


ch2— ch— ch2 

I  I  I 

(I)  o  ch2  nh 

I  I  I 

ch2— ch— ch2 

Pj^dine 

Derivatives  of  both  ring  sj^stems  have  been  synthesized  by  joining  a  piperidine 
ring  in  the  3,5-position  of  4-pyrone  or  4-pyridone  derivatives  with  formaldehj^de 
and  methylamine  ( Mannich ,  Mohs,  Ber.  63,  604,  608). 


h2c— ch— ch2 
I  I  I 

HN  CId2  NH  (II) 

I  I  1 

h2c— ch2— ch2 

Bispidine 


(c)  Heterocyclic  Rings  Having  C — N  in  Common 

1.  Pyrrocoline,  indolizine,  pyrrolo[l, 2 -a\ pyridine: 


7 

6 


/f\/ 


CHv 


N- 

V"4 


CH  2 

II 

CH  3 


r 


The  parent  substance,  pyrrocoline,  m.p.  75°  (colorless  needles),  was  first 
prepared  by  heating  picolide  (1,3  -diacetylpyrrocoline)  with  hydrochloric  acid 
(. Schollz ,  Ber.  45,  734;  Scholtz,  Fraude,  Ber.  46,  1069).  It  is  also  obtained  in 
small  yield  from  2-picoline  and  bromoacetaldehyde  ( Tschitschibabin ,  Ber.  60, 
1616) .  Pyrrocoline  possesses  almost  no  basic  properties,  but  otherwise  it  is  very 
similar  to  indole  (pine-shaving  reaction,  condensation  with  aldehydes  and  ke¬ 
tones,  coupling  with  diazo  compounds) .  In  solution,  especially  in  benzene,  pyr¬ 
rocoline  shows  a  strong  violet  fluorescence. 

Alkylpyrrocolines  are  prepared  by  the  action  of  halogeno  ketones  on  2-picoline 
and  2,6-lutidine  in  good  yield:  2 -methyl-,  2-phenylpyrrocoline ,  m.p.  68°,  215° 
( Tschitschibabin ,  Ber.  60,  1614).  When  pyrrocoline  is  heated  with  acetic  an¬ 
hydride  and  sodium  acetate,  either  3-mono-  or  1,3 -diacetylpyrrocoline,  m.p.  176°, 
is  formed,  depending  on  conditions;  the  latter  is  identical  with  picolide,  the 
reaction  product  of  acetic  anhydride  with  2-picoline  ( Tschitschibabin ,  Stepanow, 
Ber.  62,  1068). 

2.  Im:dazoIl,2-a]  pyridine,  pyrimidazole : 


PYRIMIDAZOLE 
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7 

6 


/\f 

N 


Nv  2 

NCH 

II 

-CH 


3 
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is  obtained  from  2-aminopyridine,  a  reaction  analogous  to  the  formation  of  pyrro- 
coline  from  2-picoline: 

The  imidazopyridine  and  its  alkyl  homologues  are  formed  when  2-aminopyri¬ 
dine  is  heated  with  halogeno  aldehydes  or  halogeno  ketones  in  a  sealed  tube ;  the 
2-aminopyridine  enters  the  reaction  in  its  tautomeric  form  as  iminodihydropyri- 
dine  ( T schitschibabin ,  Ber.  58,  1704) : 


NH 


V7 


0:CR 

Brilla 


N — 

V 


^C-R 


Imidazo[l,2-a] pyridine,  pyrimidazole,  b.p.  153-155°  (27  mm.)  ( Tschitschi - 
babin,  Ber.  58,  1706);  2-methylpyrimidazole,  b.p.  148°  (20  mm.);  2-phenyl- 
pyrimidazole,  m.p.  140°  {T  schitschibabin,  Ber.  59,  2052). 

Oxo  derivatives  of  2,3-dihydroimidazo[  1,2-a]  pyridine,  also  known  as  2- 
pyrimidazolones ,  are  prepared  by  the  action  of  chloroacetic  acid  on  2-aminopyri¬ 
dine  ( Reindel ,  Ber.  57,  1381 ;  T schitschibabin,  Ber.  57,  2092) .  2-Pyrimidazolone, 
m.p.  169°,  picrate  m.p.  207°,  is  obtained  from  the  reaction  product  of  chloro¬ 
acetic  acid  with  2-aminopyridine,  2-imino-l,2-dihydropyridine-l-acetic  acid, 
m.p.  250°  (dec.) : 


NH 


N — CH2  •  COOH 

v 

by  boiling  with  alkali  ( Reindel ,  Ber.  57,  1383)  or  with  concentrated  hydrochloric 
acid  (T schitschibabin,  Ber.  57,  2097).  Pyrimidazolone  forms  salts  with 
both  acids  and  alkalis.  Its  methylene  group  condenses  readily  with  aromatic 
aldehydes  ( Reindel ,  v.  Putzer-Reybegg,  Ber.  59,  2926).  Oxidation  with  potas¬ 
sium  ferricyanide  in  alkaline  solution  gives  a  red  vat  dye,  whose  constitution  is 
uncertain  (c/.  Reindel,  Rausch,  Ber.  59,  2921).  2-Pyrimidazole-8-carboxylic 
acid,  m.p.  220°,  from  2-aminonicotinic  acid  and  chloroacetic  acid  {Fromm,  Jokl, 
Mo.  44,  297). 

The  dye  obtained  by  Besthorn  from  quinaldic  acid  and  acetic  anhydride  (Ber. 
37,  2371)  and  also  from  quinaldic  acid  chloride  and  quinoline  (Ber.  38,  2127)  has 
been  investigated  by  Wieland  (Ber.  61,  2371),  who  has  assigned  it  this  structure: 

M 


Co— /N\/% 

V\/ 


(d)  Heterocyclic  Rings  Having  C — N — C  in  Common 

The  most  important  ring  systems  in  this  group  are  nortropane,  8-azabicyclo- 
[3,2,1] octane,  and  granatanine,  9-azabicyclo[3,3,l]nonane,  which  are  the 
parent  compounds  of  several  important  alkaloids. 
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Nortropane 

Granatanine 

[6] 

[3] 

[6] 

H2( 

1  CH 

-CH,  I4! 

1 

[6] 

H2C  CH 

-CH2  [41 

| 

[8]  NH 

CH2  [3] 

[7] 

|  | 

H2C  [91  NH 

J 

CH2  [3] 

[71 

h2c 

1  CH 

1 

-CH2  [2] 

[8] 

|  | 

H2C  CH 

1 

-CH,  [2] 

[il 

HI 

The  former  contains  a  pyrrolidine  and  a  piperidine  ring,  and  the  latter,  two 
piperidine  rings,  having  the  grouping  C — N — C  in  common.  For  the  proof  of 
the  constitution  of  the  two  ring  systems,  their  most  important  reactions  and  their 
synthesis,  see  the  sections  on  the  related  alkaloids:  tropane  alkaloids,  p.  340, 
and  pseudopelletierine,  p.  348. 


(e)  Heterocyclic  Rings  Having  C — C — C — N  in  Common 

Of  the  condensed  ring  systems  in  which  this  grouping  is  shared  by  two  rings, 
quinuclidine  must  be  mentioned : 


[5]  PI2C 

161  H2C. 


H  [41 
■  C. 


[7]  CH, 
[81  CH2 


'N' 

[i] 


ch2 


,ch2 


[3] 

[2] 


Quinuclidine,  1-Azabicyclo  [2,2,2]  octane 


It  was  discovered  by  W.  Konigs  as  a  constituent  of  the  cinchona  alkaloids, 
quinine  and  cinchonine.  It  was  synthesized  from  4-piperidineethanol  (p.  224). 
The  most  important  decomposition  reactions  are  treated  in  connection  with  the 
cinchona  alkaloids. 


II.  SIX-MEMBERED  RINGS  WITH  TWO  OR 
MORE  HETERO  ATOMS 

Six-membered  rings  containing  two  or  more  atoms  of  oxygen  or  sulfur  as  ring- 
members  occur  in  a  number  of  substances  which  have  been  described  in  connec¬ 
tion  with  related  compounds.  Rings  constructed  of  4  carbon  and  2  oxygen  atoms 
(o-,  m-,  and  p-dioxines )  are  found  in  the  dialkylene  ethers,  such  as  p-dioxane 
(diethylene  dioxide),  and  in  the  anhydrides  of  a-hydroxy  carboxylic  acids,  such 
as  diglycolide  (2,5-p-dioxanedione)  and  digly colic  anhydride  (2,6-p-dioxanedione) . 
Condensation  of  formaldehyde  with  nitrophenols  produces  derivatives  of  1,3- 
benzodioxane  [Chattaway,  Calvert,  Anal.soc.esp.ffs.qmm.  26  (1928),  417].  Two 
sulfur  atoms  are  contained  in  the  six-membered  ring  of  p-dithiane  (diethylene 
sulfide)  and  of  thianthrene  (di-o-phenylene  disulfide)  (Fries,  Engelbertz,  Ann.  407, 

194;  Fries,  Koch,  Stukenbrock,  Ann.  468,  162).  Phenoxathiin,  CeH4<^  ^>CeH4, 

has  an  O-  and  an  S-atom  in  its  ring  (Drew,  J.  1928,  506) ;  phenoxaselenin  (Drew, 
J.  1928,  511)  and  phenoxatellurin  (Drew,  Thomason ,  J.  1927,  116)  are  similarly 
formed  with  an  O-  and  an  Se-  or  Te-atom.  The  compounds  produced  by  the 
polymerization  of  aldehydes  and  thioaldehydes,  such  as  trioxy methylene  (s- 
trioxane),  trithiomethylene  (s-trithiane) ,  and  paraldehyde  (cf.  p.  3  ff.),  have  3  0- 
atoms  or  3  S -atoms  in  their  rings. 
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AZINES* 

As  in  the  five-membered  rings,  those  six-membered  rings  in  which 
nitrogen  occurs  among  the  two  or  more  hetero  atoms  merit  more 
consideration.  Their  formulas  can  be  derived  from  the  furan,  thio¬ 
phene  and  pyrrole  rings  by  replacement  of  the  methine  groups  (see  p. 
89  for  an  analogous  derivation  of  the  azoles),  and  they  are  known 
collectively  as  azines.  A  schematic  summary  of  the  six-membered 
rings  containing  two  or  more  hetero  atoms  has  been  given  from  this 
point  of  view  in  the  introduction  (p.  6). 

Six-membered  rings  with  the  hetero  atoms :  N  and  O,  2  N  and  0, 
2  N  and  2  0  are  called  oxazines,  oxadiazines  (azoxazines),  and  dioxa- 
diazines;  those  with  N  and  S,  and  2  N  and  S,  are  called  thiazines  and 
thiadiazines,  while  those  containing  2,  3,  and  4  N-atoms  are  known  as 
diazines,  triazines,  and  tetrazines.  Position  isomers  of  azines  con¬ 
taining  two  hetero  atoms  are  distinguished  by  the  symbols  o-,  m-,  and 
p-,  or  by  numbers,  according  to  the  position  of  the  hetero  atoms;  e.g., 
m-oxazine  =  1,3-oxazine.  For  the  numbering  of  heterocyclic  rings  in 
general,  see  p.  8. 


SIX-MEMBERED  RINGS  WITH  TWO 
HETERO  ATOMS 


1.  OXAZINES 


(a)  The  ring  of  1,2-oxazine,  or  o-oxazine: 


4  3 


h2c— ch=n 


5  6 


2 

1 


HC— HC — N 

II  I 

HC — CH2 — O 


1,2,4-Oxazine, 

4-Methylene  form  of  o-oxazine 


1,2,6-Oxazine, 

6-Methylene  form  of  o-oxazine 


This  ring  occurs  in  the  oxime  anhydrides  of  the  y -aldehyde  and  7 -ketone  car- 

BrCCH:N 

boxylic  acids,  such  as  the  oxime  anhydride  of  mucobromic  acid,  ||  |  ( Bis - 

BrCCOO 

trzycki,  Simonis,  Ber.  32,  536),  and  the  oxime  anhydride  of  (i-benzylidenelevulinic 
acid ,  which  bear  the  same  relation  to  the  oxime  anhydrides  of  the  5 -oxo  carboxylic 
acids,  the  isoxazolones,  (p.  120),  as  the  5-lactones  do  to  the  7-lactones  ( Dolfuss , 
Ber.  25,  1930).  The  ring  closure  of  the  oximes  of  o-formylbenzoic  acid  and  o- 
acylbenzoic  acids  takes  place  without  difficulty,  producing  derivatives  of  2,3,1- 
benzoxazine:  2,3,1-benzoxazin-l-one  (I),  from  phthalaldehydic  acid,  rearranges 

/CH=N  /C(CH3)--=N 

(I)  C6H<  I  C6H4<  I  (II) 

\CO— O  XCO - O 


readily  to  the  isomeric  phthalimide  ( Allendorff ,  Ber.  24,  2347),  with  intermediate 
formation  of  o-cyanobenzoic  acid  (cf.  indoxazenes,  p.  122).  4 -Methyl -2,3,1- 

benzoxazin-l-one  (II),  m.p.  179°  ( Gabriel ,  Ber.  16,  1995). 


*  Fierz-David:  Kiinstliche  organische  Farbstoffe  (Springer,  Berlin,  1926). 
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(b)  The  1,3-  or  m- oxazine  ring: 


[4]  [3] 

HC— N=CH  [2]  [/x] 

II  I 

HC— CH2— O  [i] 

[5]  [6] 

1,3,6-Oxazine, 

6-Methylene  form  of  m-oxazine 


H2C — N=CH 

I  I 

HC— CH — O 


1,3,4-Oxazine, 

4-Methylene  form  of  m-oxazine 


a.  Pentoxazolines,  or  5,6-dihydro-l,3,4-oxazines,  are  prepared  from  7- 
bromoalkylamides  by  elimination  of  HBr,  which  is  analogous  to  the  formation  of 
oxazolines  (p.  137)  from  /3-bromoalkylamides  ( Gabriel ,  Elfeldt,  Ber.  24, 3213) : 


CH2 — CII2 — Nil 

I  I 

CH2Br  OCC6H5 

N-y-Bromopropylbenz- 

amide 


CH2 — CH2 — N 

*  I  IJ 

CH2— O - CCcIIs 

2-Phenyl-5, 6-dihydro-l, 3, 4- 
oxazine 


2-Phenyl -6-methyl -5, 6-dihydro-l  ,3,4-oxazine  and  2-phenyl-4,4-6-trimethyl- 
5, 6-dihydro-l, 3 ,4-oxazine,  m.p.  32°,  are  obtained  from  7-chlorobutyl-  and  7- 
bromoisoliexylbenzamide  (c/.  p.  277). 

2-Allylamino-  and  2-phenylamino-6-methyl -5, 6-dihydro-l, 3,4-oxazine,  or  N- 

allyl-  and  N -phenylbutylene -pseudourea: 

CH2 - CH2 — N 

CH  (CH3)—  O - C  (NHR) 


from  7-chlorobutylamine  with  allyl  and  phenyl  isothiocyanate  ( Luchmann ,  Ber. 
29,  1428;  Kahan,  Ber.  30,  1319). 

Acyl  derivatives  of  /3-amino  carboxylic  acids,  when  digested  for  a  long  time 
with  P205  or  PCI5,  yield  2 -hydroxy -6 -alky  1-1,3 ,4 -oxazines  ( Karrer ,  Miyamichi, 
Helv.  9,  336) .  The  following  equation  shows  this  ring  closure  for  N-benzoyl-/3- 
aminopropionic  acid : 


CH2 

/\ 

HN  CH2 

I  I 

c6h5co  ococ2h5 


ch2 

/  \ 

N  CH 

U  II 

c6h5c  coc2h6 

\  / 
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By  a  similar  reaction  7-chloropropylurethans  are  converted  by  alkali  to  deriva¬ 
tives  of  tetrahydro -1,3 -oxazine  ( Dox ,  Yoder,  Am.  45,  723). 

b.  3,1,4-Benzoxazine  derivatives  are  formed  from  o-aminobenzyl  halides  with 
acid  anhydrides  ( Gabriel ,  Posner,  Ber.  27,  3515;  Auwers,  Ber.  37,  2249) : 


/CH2Br 

c6h4<  +hooc-ch3 

xNH2 

o-Aminobenzyl  bromide 


/CH2— o 

c6h4<  1 

\ 


C-CHa 


2-Methyl-3, 1 ,4-benzoxazine 


This  group  also  includes  the  coumazonic  acids  (Widmann,  Ber.  16,  2585), 
such  as  2,4,4-trimethyl-3,l,4-benzoxazine,  2 -methylcoumazonic  acid  (I),  m.p. 
218°,  and  2-phenyl -4, 4-dimethyl-3,l,4-benzoxazine  (II),  m.p.  220°,  which  are 
obtained  from  3-amino-4-(hydroxypropyl) -benzoic  acid  with  acetyl  chloride  and 
benzoyl  chloride,  with  simultaneous  decarboxylation. 


,C(CH3)2 — O 
(I)  C6H4<  1 

XN==C- 


CPL 


/C(CH3)2— o 
C6H4<  I 

xn==c-c6h5 


Acylanthranils  are  3,1,4-benzoxazines. 


(II) 


OXAZINES 
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/CON 

2-Phenyl-l,3,4-benzoxazone,  C6H4<  ||  ,  m.p.  106°,  results  from  the 

X0— C  •  C6H6 

action  of  gaseous  HC1  on  O-  and  N-benzoylsalicyclic  acid  amide  ( Titherley ,  J.  97, 
200). 

The  imido-  and  thiocoumazones  are  2-imino-  and  2-thio-l,2-dihydro-3,l,4- 
benzoxazines ;  the  former  are  obtained  from  the  urea  derivatives  of  o-aminobenzyl 
alcohol  by  elimination  of  water,  and  the  latter,  from  o-aminobenzyl  alcohol  and 
similar  substances  in  alcoholic  solution  by  treatment  with  CS2: 

/CH2OH 

c6h4< 

xNH-CO-NHC6H5 


-h2o 


xCH2-0 

c6h4<  I 

XNH-C:NC6H5 

2-Phenylimino-l  ,2-dihydro-3, 1 ,4- 
benzoxazine 


/CH2OH  cs2  /CH20 

c6h4<  - ^  C6H4<  I 

XNH2  xNH-CS 

2-Thiono-l  ,2-dihydro-3, 1 ,4-benzoxazine 

The  iminodihydrobenzoxazines  are  isomeric  with  the  oxotetraquinazolines; 
when  warmed  with  aromatic  amines  they  are  converted  to  quinazoline  deriva¬ 
tives  (p.  295) ,  the  oxygen  in  the  ring  being  replaced  by  the  group  NR.  The  thio- 
dihydrobenzoxazines  behave  similarly  ( Paal ,  Vanvolxem,  Ber.  27,  2424). 

2-Phenylimino-l,2-dihydro-3,l,4-benzoxazine,  phenylimidocoumazone ,  C8H7- 
ON:(NC6H5),  m.p.  146°  ( Soderbaum ,  Widman,  Ber.  22,  2938),  forms  stable 
salts  with  acids,  and  addition  products  with  carboxylic  acid  anhydrides  and 
chlorides.  2-Thiono-l, 2-dihydro-3,l,4-benzoxazine  thiocoumazone ,  C8H7ON:S, 
m.p.  142°,  is  an  acid,  and  forms  a  sparingly  soluble  potassium  salt  ( Paal ,  Lauden- 
heimer,  Ber.  25,  2979;  Paal ,  Commerell,  Ber.  27,  1866). 

2-Methyl-  and  2-phenyl-2,3-dihydro-l,3,4-benzoxaz-4-one : 


yO - CH-R 

<  I 

xCO— NH 


m.p.  146°  and  169°,  are  prepared  by  the  condensation  of  acetaldehyde  and 
benzaldehyde  with  salicylamide  ( Titherley ,  J.  91,  1419). 

3,4-Dihydro-2-naphth[2,l-e]  -m-oxazines  are  formed  by  the  condensation  of 
2-naphthols  with  aldehydes,  NH3,  or  amines  (Betti,  Gazz.  31,  II,  170) : 


yO - CHC6H5 

c10h6<  I 

xCH(C6H5)-NH 


yO - CHC6H5 

I 

xCH(C6H5).NC6II5 


The  heterocyclic  ring  of  2-isonitroso-3(2)-benzofuranone  is  enlarged  under  the 
conditions  of  the  Beckmann  rearrangement,  and  l,3,4-benzoxazine-2(3),4-dione 
is  formed  (Mameli,  Atti.cong.naz.chim.pura  applicata,  1st  Congr.  1923,  426;  C. 
1924,  I,  2517) . 

N — CH=CH 

(c)  1,4-Oxazines,  p-oxazines: 

HC— CH2— O 


( 1 )  Only  hydrogenated  derivatives  of  the  simple  nucleus  are  known.  Morpho¬ 
line,  tetrahydro-1  ,\-oxazine  (see  below),  b.p.  129°,  was  given  this  name  because 
for  a  long  time  morphine  (p.  358)  was  assumed  to  contain  a  similar  ring.  It  is 
obtained  from  2,2'-iminodiethanol,  NH(CH2CH2OH)2,  (Vol.  I,  p.  380)  by 
heating  with  70%  sulfuric  acid  at  160-170°,  or,  in  better  yield,  from  the  di-2- 
naphthyl  ether  of  N-toluenesulfonyl-2,2'-iminodiethanol,  (CioH7OCH2CH2)2- 
NS02C7H7,  which  is  prepared  from  the  j3-bromoethyl  ether  of  2-naphthol  with 
toluenesulf amide,  by  heating  with  mineral  acids  (Marckwald,  Chain,  Ber.  34, 
1157) .  Morpholine  is  similar  to  piperidine.  By  the  decomposition  of  its  methyl 
iodide  addition  product,  it  gives  trimethylamine,  acetylene  and  water  ( Knorr , 
Ann.  301,  1;  Knorr,  Mathes,  Ber.  32,  736).  The  picrate  is  sparingly  soluble 
in  water.  For  nitroso-  and  aminomorpholine,  see  Knorr ,  Ann.  301 ,  6. 
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The  oxo  derivatives  of  morpholine  include  4-methylmorpholone,  b.p.  233°, 
obtained  from  N-hydroxyethyl-N-methylglycine  ( Knorr ,  Ann.  307,  199), 
diglycolk  acid  imide  and  the  isomeric  diglycolamic  acid  anhydride  (Vol.  I,  p. 
431): 


ch2— o— ch2  oc - o - ch2  CO— O — CO  CH2— 0 — ch2 

ch2-nh-ch2  (Wn(ch3)-ch2  ch2-nh-(^h2  io— nh— io 

Morpholine  4-Methylmorpholone  Diglycolamic  acid  Diglycolic  acid 

anhydride  imide 


(2)  The  following  compounds  are  derived  from  1,4,2-benzoxazine  (I): 
3-Phenyl-l,4,2-benzoxazine  (II),  m.p.  103°,  which  is  formed  by  reduction  of  o- 
nitrophenyl  phenacyl  ether,  (N02)C6H40CH2C0C6H5;  3-methyl-l,4,2-benz- 
oxazine,  similarly  obtained  from  o-nitrophenoxy  acetone.  Stronger  reduction  of 
the  phenoxyacetone  produces  3-methyl-3,4-dihydro-l,4,2-benzoxazine,  3 -methyl- 
benzomorpholine ,  C9H11NO,  b.p.  255°  ( Stoermer ,  Franke,  Ber.  31,  752). 


(I) 


16] 

17] 


15]  N 

^CH  13] 

UxoA 121 

U1 


18] 


yO~ CH2 

C6H4<  I  (II) 

\n=cc6h6 


3,4-Dihydro-l,4,2-benzoxazine,  benzomorpholine  (III),  b.p.  268°,  obtained 
from  0- /3-hydroxy ethylaminophenol  ( Knorr ,  Ber.  22,  2095;  cf.  Fairbourne, 
Toms,  J.  119,  2076),  is  converted  by  exhaustive  methylation  to  the  vinyl  ether  of 
o-dimethylaminophenol,  (CH3)2NC6H40-CH:CH2.  It  is  similar  to  tetrahydro- 
quinoline  (Knorr,  Ber.  32,  732). 


(in)  c6h/ 


O - CH2 


NnH— CH2 


(IV)  C6H4. 


ch2-ch— o— ch2 

I  I 

ch2-ch-nh-ch2 


(V)  c8H 


yC— O— CH 

<11  I 

XbNH-CH 


2 

2 


The  reaction  of  tetrahydronaphthalene  oxide  with  hydroxyethylamine  yields 
naphthalanmorpholine ,  2 ,3 ,4a, 5 ,10 ,l0&-hexahy dr oA-naphth[2, 3] -p-oxazine  (IV), 
m.p.  63°,  b.p.  312°,  which,  like  morphine,  is  a  soporific.  Exhaustive  methyla¬ 
tion  converts  it  to  the  /3-dimethylaminoethyl  ether  of  dihydronaphthol,  C10H9O  •  - 
CH2CH2-N(CH3)2,  which  can  be  split  more  readily  than  methylmorphimethinfe 
(p.  259)  into  naphthaline  and  dimethylaminoethanol  (Knorr,  Ber.  32,  742;  Ann. 
307,  171).  Aminocamphor  and  ethylene  oxide  condense  to  give  camphano- 
morpholine  (V),  b.p.  242°  (Duden,  Ann.  307,  187). 


l,4,2-Benzoxaz-3(4)-one,  benzo-S-morpholone  (VI),  from  o-nitro- 
phenoxyacetic  acid  (Wheeler,  Barnes,  Am.Chem.J.  20  (1898), 
555).  The  two  isomers:  2-methyl-l,4,2-benzoxaz-3(4)-one  and 
3,4-dihydro-3-methyl-l,4,2-benzoxaz-2-one,  m.p.  145°  and  110°,  are 
prepared  from  o-nitrophenoxypropionic  acid  and  from  o-amino- 
phenol  with  bromopropionic  acid  ester  ( Bischoff ,  Ber.  30,  2927; 
33,  1598).  l-Naphth[2,l]-p-oxaz-2(3)-one,  naphtho-2-morpholone 
(VII),  m.p.  216°.  By  electrolytic  reduction  the  morpholones  are 
partially  converted  to  morpholines  and  partially  decomposed  to 
carbocyclic  compounds  (Lees,  Shedden,  J.  83,  750). 

yO - C4I2  yO — CH2 

(VI)  C6H4<  I  C10Hb<  |  (VII) 

xnh— co  Ninth  co 

(3)  Among  the  derivatives  of  phenoxazine  (dibenzo-p-oxazine), 
benzophenoxazine,  and  dibenzophenoxazine  are  a  number  of  im¬ 
portant  dyes. 
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Phenoxazine,  m.p.  148°: 


10 

/vN\A 


V\0/V 

e  y  4 


is  prepared  by  heating  o-aminophenol  with  pyrocatechol  ( Kehr - 
maun,  Ann.  322,  9).  N-Acetylphenoxazine,  m.p.  142°. 

3-Methylphenoxazine,  m.p.  124°,  from  pyrocatechol  and  o-amino-ra-cresol; 
3,6-dimethylphenoxazine,  m.p.  205°,  from  homopyrocatechol  and  o-amino-ra- 
cresol.  4-Nitrophenoxazine,  m.p.  166°,  is  prepared  from  2,4-dinitro-2'-hydroxy- 
diphenylamine  by  warming  with  dilute  aqueous  sodium  hydroxide,  HN02  being 
eliminated  ( Ullmann ,  Ann.  366,  80).  2,4-Dinitrophenoxazine  is  similarly  ob¬ 
tained  from  picryl  chloride  and  o-aminophenol. 

lS-TetrabenzotdjCj/i,.;] phenoxazine,  phenanthroxazine : 

yC—O—C, 

(C6H4)2<  II  .  ,  II  >(C6H4)2 
XC-NH-CX 

from  9, 10 -dihydroxy phenanthrene  with  NH3  (Bamberger ,  Grob,  Ber.  34,  535). 

Phenoxazine  and  its  homologues  are  oxidized  by  bromine  or  ferric  chloride  or 
H202  in  acid  solution  to  colored,  ortho -quinoid  azoxonium  salts  (with  tetravalent 
oxygen) ;  men-quinoid  compounds  are  formed  as  intermediate  products.  These 
o-quinoid  oxonium  salts  are  very  unstable;  several  have  been  isolated  as  perchlo¬ 
rates  ( Kehrmann ,  Boubis ,  Ber.  50,  1662) : 


/VNV\ 


V\0/\/ 


Phenoxazonium  'perchlorate , 
brownish  crystals; 
explosive 


C104 


The  phenoxazonium  salts  are  very  reactive  substances.  They  add  aromatic 
amine  as  the  quinones  do;  this  permits  the  introduction  of  RHN-groups  in  the 

Eosition  para  to  the  nitrogen.  Phenoxazonium  compounds  can  be  hydroxylated 
y  treatment  with  alkali. 

The  products  obtained  by  these  two  reactions  are  the  phenoxazine  dyes, 
which  are  not  derived  from  the  o-quinoid  phenoxazonium  structure,  but  from  the 

p  -quinoid  phenoxazone  or  phenoxazime: 


■Nn 


/v  v\ 


0= 


V\0A/ 


OH 


C«HS-N= 


/V  v\ 


V\0A/ 


Hydroxyphenoxazone  (resorufin) 


Phenylphenoxazime 


Conclusive  evidence  for  this  interpretation  of  the  structure  of  the  phenoxazone 
and  phenoxazime  dyes  is  their  complete  absorption,  in  contrast  to  the  phenoxa¬ 
zonium  salts  ( cf .  Kehrmann,  Sandoz,  Ber.  50,  1667) . 

These  dyes  are  analogous  to  the  simplest  indophenols  and  indamines  (Vol.  Ill, 
pp. 245, 109): 

O :  C6H4 :  N  •  C6H4OH  PIN :  C6H4:N  •  C6H4NH2 
They  differ  from  these  only  in  the  addition  of  the  1,4-oxazine  ring. 
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The  phenoxazine  dyes  are  prepared  by  the  following  methods : 

( 1 )  From  o-hydroxyquinones  and  o-hydroxyquinonimines  by  condensation 
with  0-aminophenols.  The  hydroxy -p-quinones  of  the  naphthalene  series  are 
particularly  suited  to  this  condensation  ( Kehrmann ,  Messinger,  Ber.  26,  2375; 
Kehrmann ,  Ber.  28,  353) : 


OH 


O :  C10Hr4 
^O 

2-Hydroxy-l  ,4- 
naphthoquinone 


+ 


o-Amino- 

phenol 


■> 


O:C10H5/°\c6H4 

\Nr 

5-Benzo [a]phenoxazone 


(2)  Condensation  of  dichloroquinonimines,  nitrosophenols,  or  nitrosodi- 
methylaniline  with  polyhydric  phenols  or  tertiary  aminophenols  produces  hy¬ 
droxyl  and  amino  derivatives  of  phenoxazones  and  phenoxazimes,  which  are  the 
real  dyes : 


<NOH  H> 

+ 

\H  HO/ 

Nitrosophenol  Resorcinol 


/I 

0:CeHs<f 

\l 


k 

>C6H3OH 


O  y^N\ 

- >  0:C6H3<^>C6H30H 

7-Hydroxy-3-phenoxazone,  Resorufin 


( 3 )  Aminophenoxazimes  are  obtained  by  oxidation  of  hydroxy -p-phenylene- 
diamines  in  glacial  acetic  acid  by  air  ( Nietzki ,  Becker,  Ber.  40,  3397;  Kehrmann , 
Poplawski,  Ber.  42,  1275) : 


2 


nh2c6h3< 


nh2 

OH 


O 


A 

->  NH :  C6H3^^>C6H3NH 


3-Phenoxazone,  0:C6H3(N0)CeH4,  m.p.  217°,  golden  brown  flakes  ( Kehrmann , 
Cherpillod,  Helv.  7,  973).  Phenoxazine  is  converted  by  FeCl3  to  an  unstable 
phenoxazonium  chloride  (see  above) ,  which  yields  phenoxazone  when  boiled  with 
water  ( Kehrmann ,  Saager,  Ber.  35,  341). 

RESORUFIN,  7-hydroxy -3 -phenoxazone,  OC6H3(NO)C6H3(OH),  is  prepared 
by  the  action  of  nitric  acid  containing  nitrous  acid  on  an  ethereal  solution  of  re¬ 
sorcinol  ( Weselsky ,  Ann.  162,  273),  and  also  by  the  reaction  of  nitrosoresorcinol 
with  resorcinol  ( Nietzki ,  Ber.  24,  3366).  Resazurin: 

MO 

0:C6H3r^  /C6H3(OH) 

^(NOK 


occurs  as  an  intermediate  product.  The  solutions  of  resorufin  in  alkalis  are  rose- 
red  with  a  magnificent  cinnabar -red  fluorescence.  Orcirufin  is  formed,  Simi¬ 
larly  to  resorufin,  from  orcinol.  3,6-Dimethylresorufin,  bright  red  needles  ( Hen- 
rich,  Gotz,  Ber.  58,  1055). 

N -Phenyl -3 -phenoxazime,  C6H5N[3]C6H3(NO)C6H4,  red  flakes,  m.p.  197°, 
from  phenoxazine  by  oxidation  with  FeCl3  in  the  presence  of  aniline  salts,  is  con¬ 
verted  by  further  treatment  with  aniline  into  N -phenyl -6 -anilino -3 -phenoxazime, 
C6H5N[3]C6H3(NO)C6H3[6]NHC6H5,  which  is  similar  to  the  dyes  of  the  capri 
blue  type.  The  latter  are  derived  from  3,6-diaminophenoxazine,  e.g.,  (CH3)2N- 
C6H3(NO)C6H2(CH3)N(C2H5)2,  whose  zinc  chloride  double  salt,  from  o-diethyl- 
amino-w-cresol  and  nitrosodimethylaniline,  is  marketed  as  capri  blue  GON 
[Mohlau,  Klimmer,  Kahl,  Z.Farb.Textilchemie  1  (1902),  354]. 

Gallocyanine,  (CH3)2NC6H3(NO)C6H(OH)  (C02H)0,  dimethylaminohydroxy- 
phenoxazonecarboxylic  acid,  is  prepared  from  gallic  acid  with  nitrosodimethyl¬ 
aniline,  and  forms  with  mordants,  especially  chromic  oxide,  stable  violet  lakes 
(for  calico  printing).  When  heated  with  aqueous  sodium  acetate,  soda,  or  the 
like,  gallocyanine  is  decarboxylated  to  dimethylaminohydroxy phenoxazone 
(Ger.  Pat.  192971,  1906).  For  the  products  of  the  reaction  of  gallocyanine  dyes 
with  primary  aromatic  amines,  see  Grandmougin,  Bodmer,  J.pr.  77,  498. 

Chlorohydroxyphenoxazone,  C6H4(NO)CJICl(OH)  :0,  m.p.  235°  (dec.), 
from  p-di hydroxy chloroquinone  with  aminophenol  ( Kehrmann ,  Messinger,  Ber. 
26,  2375). 
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5-Benzo [a] phenoxazone ,  0:CioH5(NO)C6H4,  m.p.  192°  (synthesis:  p.  276). 
9-Benzo [a] phenoxazone ,  0:C6H3(NO)CioH6,  brown  needles,  m.p.  211°,  from 
nitrosophenol  and  2-naphthol  (Fischer,  Hepp,  Ber.  36,  1807).  5-Benzo[a]- 
phenoxazime,  NH:CioH5(NO)C6H4,  m.p.  243°,  from  hydroxynaphthaquinon- 
imine  (Vol.  Ill,  p.  633)  with  o-aminophenol. 

N ,N -Dimethyl -9 -benzo [a] phenoxazime  chloride ,  Ci0H6 (NO ) C6H3N ( CH3)  2C1 , 
from  2-naphthol  with  nitrosodimethylaniline  hydrochloride  in  alcoholic  solution, 
is  naphthol  blue  (meldolo,  blue )  which  dyes  cotton  mordanted  with  tannin  violet- 
blue  (Witt,  Ber.  23,  2247).  Nile  blue  is  an  amino  derivative  of  naphthol  blue, 
and  cyanamine  is  an  anilino  derivative. 

Hydroxyphenoxazime  (I),  obtained  by  oxidation  of  o-aminophenol,  condenses 
with  another  mol  of  o-aminophenol  to  triphenodioxazine  (II),  dark  violet,  sub¬ 
limable  needles.  The  latter  is  also  formed  directly  from  o-aminophenol  by  oxida¬ 
tion  by  the  air  (Seidel,  Ber.  23,  182;  Fischer,  Jonas,  Ber.  27,  2784;  Krause,  Ber. 
32,  126).  For  methyltriphenodioxazine,  see  Kehrrnann,  Biirgin,  Ber.  29,  2076. 


/Nv  / 

(I)  C6H4<  >C6H24 


/OH 

*NH 


C6H4<^^C6II2<^^C6II4  (II) 


0> 

N' 


PHENOXARSINE.  For  the  synthesis  of  derivatives  of  phenoxarsine,  which 
is  analogous  to  phenoxazine,  see  Roberts,  Turner,  J.  127,  2004. 


(a)  1$2-Thiazines: 


2.  THIAZINES 

C— C— N 

I  I 
c— c— s 

At  the  present  time  no  compounds  having  this  structure  are  known. 

[4]  C— N  13]— c  [2] 


(b)  1,3-Thiazines: 


[5]  c— C  16]— s  U1 


The  following  compounds  contain  1,3-thiazine  rings: 

1.  The  penthiazolines,  corresponding  to  the  pentoxazolines  (p.  272),  are 
5,6-dihydro-l,3,4-thiazines.  They  are  prepared  from  y-halogenoalkylthiobenz- 
amides. 

2-Phenyl-5,6-dihydro-l,3,4-thiazine,  2-phenylpenthiazoline  (I),  m.p.  45°,  is 
obtained  from  thiobenzamide  with  l-bromo-3-chloropropane  (Pinkus,  Ber.  26, 
1077) .  2-Phenyl-4,4,6-trimethyl-5,6 -dihydro - 1,3,4 -thiazine,  C4H3NS(CH3)3- 
(CeH5),  m.p.  34°,  from  y-bromoisohexylthiobenzamide.  6-Methyl-5,6-dihydro- 
1,3 ,4 -thiazine -2 -thiol  and  4,4,6-trimethyl-5,6-dihydro-l,3,4-thiazine-2-thiol,  m.p 
131  °  and  180  °,  are  prepared  from  y-chlorobutylamine  and  y-bromoisohexylamine 
with  carbon  disulfide  [Luchmann,  Ber.  29,  1429;  Kahan,  Ber.  30,  1321;  cf. 
Dixon ,  J.  69,  851;  Gadamer,  Arch.Pharm.  234  (1896),  1] . 


(I) 


CH2 — CH2 — N 

I  II 

CH2— S - r-CCsHr, 


CH2— CO— NH 

I  I 

CH2— S CO 


(II) 


Tetrahydro-l,3,4-thiazine-2,4-dione,  dioxopenthiazolidine,  sinapanpropionic 
acid  (II),  m.p.  159°,  is  formed  from  xanthamide  with  /3-iodopropionic  acid  (Lang- 
let,  Ber  24,3848). 

2.  Derivatives  of  3,1-benzothiazine  ( phenpenthiazole )  result  from  the  con¬ 
densation  of  o-aminobenzyl  halides  with  amides  of  thiocarboxylic  acids  (Gabriel, 
Posner,  Ber.  27,  3519) : 


/CH2Br 

c6h4<  +nh2cs-ch3 
xnh2 


ch2 


->  c6h4< 

XN: 


-s 

I 

=c-ch3 


2-Methyl -3, 1,4-benzothiazine,  m.p.  46°,  is  prepared  from  2 -methyl -3,1,4 - 
benzoxazine  with  P2S6,  from  o-acetylaminobenzyl  alcohol  with  P2S6,  and  from  o- 


278  SIX-MEMBERED  RINGS  WITH  TWO  HETERO  ATOMS 


acetylaminobenzyl  sulfide  with  PCI5.  For  other  derivatives,  see  Kippenberg , 
Ber.  30,  1143. 

The  imino-  and  thio-l,2-dihydro-3,l,4-benzothiazines  (imino-  and  thio- 
coumothiazones)  are  prepared,  similarly  to  the  corresponding  benzoxazines 
(imino-  and  thiocoumazones,  p.  273),  from  thiourea  derivatives  of  o-aminobenzyl 
alcohol  or  from  aminobenzyl  alcohols  with  CS2  and  alcoholic  KOH.  2-Thio-l,2- 
dihydro-3,l,4-benzothiazine,  thiocoumothiazone  (III),  m.p.  166°,  is  an  acid; 
when  digested  with  aniline  it  gives  2-thiotetrahydroquinazoline,  the  sulfur  atom 
in  the  ring  being  replaced  by  an  NCeH5-group  (c/.  p.  273  and  295).  2-Imino- 

/NH— CS  /NH— C:NH 

(III)  C6H4<  I  C6H<  I  (IV) 

XCH2— S  xch2— s 

l,2-dihydro-3,l,4-benzothiazone,  iminocoumazone  (IV),  m.p.  137°,  from  0- 
nitrobenzyl  thiocyanate  by  reduction,  and  from  o-aminobenzyl  chloride  and 
thiourea,  is  oxidized  by  permanganate  to  4(3)-quinazolone  (p.  293).  When 
heated  with  aniline  it  gives  2-phenylimino-l,2-dihydro-3,l,4-benzothiazine,  m.p. 
197°,  which  is  also  formed  by  elimination  of  water  from  1 -a -hydroxy toly  1-3- 
phenylthiourea,  HOCH2-C6H4NHCSNHC6H5  ( Soderbaum ,  Widman,  Ber.  22, 
2933;  Paal,  Commerell,  Ber.  27,  2429). 


[5]  HC=N — CH  13]  HC— NH— CH 

(c)  1,4-Thiazine :  |  ||  or 

16]  H2C— S— CH  12]  HC - S - CH 

li] 

1.  One  of  the  benzo  derivatives  of  this  ring  is  benzo-l,4,2-thiazin-2(3)-one : 

yNH — CO 
C6H4<  1 

xs - ch2 

m.p.  179°,  which  is  obtained  from  o-aminobenzenethiol  and  bromoacetic  acid 
(Unger,  Ber.  30,  607;  Unger,  Graff,  Ber.  30,  2389).  For  2-mono-  and *2, 2-di¬ 
halogen  derivatives  of  this  compound,  see  Zahn,  Ber.  56,  578.  The  2,2-dihalo¬ 
gen  derivative  suffers  a  ring  shrinkage  when  digested  with  alcohol,  yielding  benzo- 
thiazole-2-carboxylic  acid  ester  (Zahn,  Ber.  56,  578). 

The  symmetrical  dibenzo  derivatives,  phenothiazines  and  di- 
benzophenothiazines  (thiodiphenylamiyes  and  thiodinaphthylamines) 
are  more  important.  Phenothiazine  corresponds  to  phenoxazine  or 
dibenzo-p-oxazine  (p.  274)  and,  like  it,  numbers  a  series  of  important 
dyes  among  its  derivatives.  One  of  these  is  the  valuable  methylene 
blue. 


2.  PHENOTHIAZINE,  thiodiphenylamine : 


5 


m.p.  180°,  b.p.  370°,  is  obtained  from  o-aminobenzenethiol  with  pyrocatechol  at 
220 °,  as  phenoxazine  is  formed  from  o-aminophenol  and  pyrocatechol.  It  is  more 
readily  prepared  by  heating  diphenylamine  with  sulfur,  especially  in  the  presence 
of  a  trace  of  iodine  ( Kehrmann ,  Dardel,  Ber.  55,  2348) .  It  is  a  neutral  substance, 
and  its  imine  hydrogen  can  be  replaced  by  alkyl  groups  (N-methyl  derivative, 
m.p.  99°;  Kehrmann,  Zybs,  Ber.  52,  131;  Kehrmann,  Sandoz,  Ber.  50,  1676) 
and  by  acid  radicals  (N-acetyl  derivative,  m.p.  197°) .  With  dimethyl  sulfate  it 
forms  S-alkylsulfonium  compounds,  which  crystallize  as  the  perchlorates  (Kehr- 
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mann,  Dardel,  Bcr.  55,  2346).  When  boiled  over  copper  phenothiazine  is  con¬ 
verted  into  carbazole  (a  ring  shrinkage).  For  the  qualitative  detection  of  its 
presence,  see  the  section  on  thionine.  Tetrachlorophenothiazine,  m.p.  235° 
{Unger,  Hofmann ,  Ber.  29,  1363) .  Hydrogen  peroxide  oxidizes  phenothiazine  to 
phenothiazine  5-oxide,  diphenylamine  sulfoxide  (I),  m.p.  250°,  which  reacts  with 
cold  hydrochloric  acid  to  give  phenazothionium  chloride  (sec  below),  and  with 
hot  hydrochloric  acid  to  give  chlorophenothiazine  {Barnett,  Smiles,  J.  95,  1253; 
Page,  Smiles,  J.  97,  1112) .  With  nitric  acid  it  forms  nitrophenothiazine  5-oxide 
(II),  which  reduces  to  2-aminophenothiazine,  and  dinitrophenothiazine  5-oxide, 
which  reduces  to  2,8-diaminophenothiazine,  leucothionine  (III).  The  latter  is 


/SOv  /SOv 

C6H4<  >c6h4  c6h4<  >c6h: 

\\tTT/  \vr/ 


N02 


'NEB 

(I) 


'NH' 

(II) 


NH2-C6H,/  S  \c6h3-nh2 
XNH/ 

(III) 


also  produced  when  diaminodiphenylamine,  (NH2C6H4)2NH,  is  heated  with  sul¬ 
fur.  It  is  the  leuco -base  of  the  simplest  thionine  dye,  into  which  it  is  converted 
by  oxidation  with  FeCl3 .  The  tetramethyl  derivative  of  leucothionine  is  the  leuco- 
base  of  methylene  blue  (p.  280).  The  therapeutically  active  acyl  derivatives 
of  leuco -methylene  blue,  such  as  N(CH3)2C6H4[N(COCH3)S]C6H4N(CH3)2,  are 
obtained  from  its  zinc  chloride  double  salt  with  acid  chlorides  {Cohn,  Ber.  33, 
1567) . 

1,3 -Dinitrophenothiazine,  from  picryl  chloride  and  o-aminobenzenethiol, 
yields  an  isomer  of  leuco -thionine  when  reduced  {Kehrmann,  Ann.  322,  57; 
Kehrmann,  Steinberg,  Ber.  44,  3011) . 

12-Benzo[a]-  and  benzof  6]  phenothiazine,  thiophenyl-a-  and  P-naphthylamine, 
C6H4(SNH)Ci0H6,  m.p.  130.5°  {Kehrmann,  Christopoulus,  Ber.  54,  649)  and 
178°,  from  N -phenyl-1-  and  2 -naphthyl amine  with  sulfur.  14-Dibenzo[a,j] - 
phenothiazine  and  7-dibenzo[c,/i]phenothiazine,  thio-a-  and  /3 -dinaphthylamine, 
S(CioHe)2NH,  m.p.  177°  and  236°,  from  1,1*-  and  2,2 '-dinaphthylamine  with 
sulfur  ( Kehrmann ,  Ann.  322,  44,  51;  Kehrmann,  Christopoulus,  Ber.  54,  655). 

Like  phenoxazine  (p.  275),  phenothiazine  and  its  homologues  are  converted 
by  oxidation  with  FeCl3  or  bromine  into  colored,  ortho-quinoid  azothionium  salts 
(with  tetravalent  sulfur) : 

✓C6H4v  /C6H4v 

~N<(  >SC1  N  <f  >SBr 

\CeH/  \C6H/ 

which  are  generally  isolated  as  the  perchlorates  and  which,  like  the  azoxonium 
salts,  are  substituted  in  the  para-position  to  the  N-atom  by  NHR-  or  OH-groups 
when  treated  with  amines  or  water. 

For  the  structure  of  the  thiazine  dyes  so  formed  the  same  conclusions  are  valid 
as  for  that  of  the  phenoxazine  dyes.  The  dye  bases  are  derivatives  of  the  p- 
quinoid  phenothiazone  and  phenothiazime  (see  formulas) .  They  are  therefore 
structurally  related  to  the  indophenols  and  indamines,  which,  indeed,  may  be 
assumed  to  be  present  as  intermediate  products  in  the  preparation  of  these  dyes 
(see  methylene  blue).  The  most  conclusive  evidence  for  their  formulation  as  p- 
quinonimines  or  p-diimines  is  provided  by  the  extensive  data  on  the  absorption 
spectra  of  the  dyes  in  this  series  (summary :  Kehrmann,  Ann.  414,  149) . 


CgH3:0 


Phenothiazone 


C6H3:NII 


Phenothiazime 


Among  the  phenothiazimes  are  Lauth’s  dyes,  so  named  after 
Lauth,  who  first  prepared  them;  their  constitution  as  derivatives  of 
7-aminophenothiazimes  was  established  by  Bernthsen  (Ann.  230,  73; 
251,  1).  They  are  obtained  by  oxidation  of  p-phenylenediamines  in 
the  presence  of  H2S,  indamines  being  formed  as  intermediate  products 
(see  methylene  blue) : 
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2  NH2C6H4NH2 


+s 

- » 


/Nv 

NH2  •  C6H;;<^  ^C«H3  :  NH 


Another  method  for  the  preparation  of  these  dyes  depends  on  the  reaction  of 
indamines  with  thiosulfuric  acid,  yielding  thiosulfonic  acids,  which  are  converted 
to  the  leuco -bases  of  the  thiazine  dyes  by  digestion  with  dilute  acids.  The  dyes 
can  therefore  be  obtained  by  the  oxidation  of  a  mixture  of  1  mol  p-diamine  with  1 
mol  monoamine,  which  form  indamines,  in  the  presence  of  thiosulfate. 

Phenothiazones  are  formed  by  oxidation  of  p-aminophenols  in  the  presence  of 
H2S. 

Phenothiazime,  3-imino-3-isophenothiazine,  C6H4(NS)C6H3NH  (red-brown 
needles),  is  obtained  by  oxidation  of  2-aminophenothiazine  (p.  279),  by  de¬ 
amination  of  thionine  (see  below)  or  by  the  action  of  alcoholic  ammonia  on  phen- 
azothionium  perbromide  ( Kehrmann ,  Ber.  49,  2831).  It  reacts  with  amines 
without  heat  to  form  N -alkylated  thionines :  NHRC6H3(NS)C6H3NH  ( Kehrmann , 
Schaposchnikoff ,  Ber.  33,  3291).  The  phenothiazime  chloride,  2 -aminophen- 
azothionium  chloride  (see  above),  can  be  diazotized  in  strongly  acid  solution 
( Kehrmann ,  Ann.  322,  64).  For  benzo[a]phenothiazines,  see  Kehrmann,  Christo- 
poulos,  Ber.  54,  651. 

N-Phenylphenothiazime,  C6H4(NS)C6H3(NC6H5),  dark  red  flakes,  m.p.  150°, 
from  phenothiazine  by  oxidation  with  FeCl3  in  the  presence  of  aniline  salt;  its 
chloride,  2 -cmilinophenazothionium  chloride,  is  converted  on  further  treatment  with 
aniline  to  2,8-dianilinophenazothionium  chloride  or  diphenylthionine  chloride 
( Kehrmann ,  Ann.  322,  39). 

7-Aminophenothiazime,  thionine,  Lauth’s  violet,  NH2C6H3(NS)CeH3NH 
(hydrochloride :  green  needles) ,  is  obtained  by  oxidation  of  p-phenylenediamine 
(see  above)  and  also  of  its  leuco-base,  the  diaminophenothiazine  (p.  279).  It 
can  also  be  prepared  by  nitration  of  phenothiazine,  reduction  to  the  leuco-base 
and  subsequent  oxidation ;  a  method  for  detecting  the  presence  of  diphenylamine 
is  based  on  this  series  of  reactions.  An  isomer  of  thionine,  1 -aminophenothiazine , 
C6H4(NS)C6H2(NH2)NH,  is  formed  by  oxidation  of  1,3 -diaminophenothiazine 
(p.  279)  (Kehrmann,  Ann.  322,  57). 

Methylene  blue,  (CH^N-CeHsCNS^HaNtCHa^Cl,  tetramethyl- 
diaminophenazothionium  chloride  {Caro,  1876),  is  prepared  by  oxida¬ 
tion  of  dimethyl-p-phenylenediamine  in  a  solution  containing  H2S,  or 
of  equimolecular  proportions  of  dimethyl-p-phenylenediamine  and 
dimethylaniline  in  the  presence  of  thiosulfate.  The  reaction  mecha¬ 
nism  of  these  syntheses  has  been  exhaustively  studied.  A  similar 
course  of  reaction  underlies  the  formation  of  all  phenothiazime  and 
phenothiazone  dyes.  According  to  the  present  generally  accepted 
view,  a  preliminary  formation  of  ciuinonediimines  and  indamines  by 
dehydrogenation  takes  place ;  these,  because  of  their  known  tendency 
to  add  amines  and  hydrogen  sulfide,  make  possible  the  closure  of  the 
1,4-thiazine  ring.  The  forma ‘ion  of  methylene  blue  can  be  divided 
into  these  steps: 

Cl 

(CH3)2:N:C6H4:NH 

Iminodimethylquinoniminium 
chloride 
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H  Cl 
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Methylene  blue 


When  the  synthesis  starts  with  2  molecules  of  dimethyl-p-phenylenediamine, 
the  mechanism  is  the  same  except  that  ammonia  is  eliminated  in  step  3.  If  the 
sulfur  is  introduced  with  sodium  thiosulfate  (according  to  Bernthsen) ,  in  step  2 
l-amino-4-dimethylaminobenzene-2-thiosulfonic  acid  is  formed: 


A/ 

(CH3)2N^x 


NH, 


S-S03H 


The  sulfonic  acid  radical  is  removed  by  hydrolysis  in  subsequent  steps. 

Methylene  blue  (marketed  as  the  hydrochloride  or  zinc  chloride  double  salt) 
dyes  silk  or  tannin-mordanted  cotton  a  light-fast  blue.  Another  important  use  is 
its  application  in  microscopy  to  distinguish  different  cells  in  the  tissues  of  living 
organisms  (intra-vital  staining,  Ehrlich)  (see  Ehrlich's  obituary,  Ber.  49,  1225). 
A  silver  compound  of  methylene  blue  is  used  under  the  name  argochrom  in  septic 
diseases. 

Methylene  blue  is  converted  by  reduction  (Na2S204,  alkaline  solution)  to  leuco- 
methylene  blue  (3 ,7 -dimethylaminophenothiazine) ,  m.p.  185°,  yellow  needles 
{Cohn,  Ber.  33,  1567;  Weil,  Durrschnabel,  Landauer,  Ber.  44,  3172;  Landauer, 
Weil,  Ber.  43,  198).  Methylene  blue  is  not  decolorized  by  formaldehyde  alone, 
but  if  the  reaction  is  carried  out  in  the  presence  of  unpasteurized  milk,  it  is  de¬ 
colorized,  since  raw  milk  contains  an  enzyme  (a  dehydrogenase)  which  activates 
hydrogen,  for  which  the  methylene  blue  acts  as  acceptor.  This  decolorization, 
known  as  the  Schardinger  reaction,  is  used  to  distinguish  between  raw  and  pas¬ 
teurized  milk  [Schardinger,  Z.Untersuch.Nahr.u.Genuss.  5  (1902),  1113;  Wie- 
land,  Ber.  45,  2609;  55,  3641 ;  Wieland,  Rosenfeld,  Ann.  477,  32] . 

Phenothiazone,  C6H4(SN)C6H30,  m.p.  166°,  red-brown  flakes,  is  obtained 
from  hydroxyphenothiazine  by  oxidation  and  from  phenothiazime  by  digestion 
with  soda  solution.  5-Benzo [a] phenothiazone,  C6H4(NS)CioH50,  m.p.  176°, 
formed  when  benzo[a]phenazothionium  sulfate  is  allowed  to  stand  in  aqueous 
solution  ( Kehrmann ,  Christopoulos,  Ber.  54,  651).  Dibenzophenothiazone, 
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Ci0H6(NS)CioHbO,  m.p.  245°,  from  phenyldibenzophenothiazime  by  treatment 
with  dilute  mineral  acids  ( Kehrmann ,  Ann.  322,  52) . 

7-Hydroxyphenothiazone,  thionol,  HO -C6H3(NS)C6H30,  from  thionine  by 
digestion  with  dilute  acids  or  alkalis  and  from  hydroquinone  and  p-aminophenol 
by  condensation  with  sulfur  and  subsequent  oxidation.  Hydroquinone,  p-phenyl- 
enediamine,  and  sulfur  give  thionoline,  NH2C6H3(NS)C6H3:0  (Ger.  Pat.  103301, 
1897). 

The  blue  and  black  substantive  cotton  dyes  produced  by  the  fusion  of  p-amino- 
and  p-nitrophenols,  nitro-  and  nitrohydroxydiphenylamines  and  indophenols 
with  sulfur  at  temperatures  between  140°  and  200°,  which  are  known  as  sulfur 
dyes,*  are  at  least  in  part  1,4-thiazine  derivatives.  They  are  amorphous  sub¬ 
stances  with  high  molecular  weights,  insoluble  in  acids  and  alkalis.  When 
treated  with  sodium  sulfide  they  dissolve  even  in  the  cold,  and  are  precipitated 
unchanged  from  this  solution  by  the  action  of  air;  this  behavior  permits  their  use 
with  vat -dyeing  techniques.  The  dull  dyeings  produced  with  them  are  character¬ 
ized  by  great  fastness  to  light  and  washing,  which  can  be  increased  by  after- 
treatment  with  metal  salts  (chromium,  copper).  The  constitution  of  many 
sulfur  dyes  is  not  known  with  certainty.  They  are  di-  and  polysulfides  of  thia- 
zines  ( cf .  v.  Weinberg,  Ber.  A63,  121),  which  are  converted  by  sodium  sulfide  to 
mercaptothiazines,  which  are  soluble  in  alkali  and  easily  oxidized.  The  presence 
of  the  thiazine  ring  in  these  dyes  has  been  proved  for  one  of  them,  immedial 
pure  blue  (see  below),  by  conversion  to  tetrabromodimethylaminophenothia- 
zone  ( Gnehm ,  Kaufler,  Ber.  37,  2617,  3032;  cf.  Gnehm,  Kaujler,  Ber.  39,  1016; 
Ger.  Pat.  140964,  1902,  Frdl.  VII,  522;  Ger.  Pat.  178940,  1905,  Frdl.  VIII, 
755). 

The  first  technically  important  sulfur  dye,  now  obsolete,  was  Vidal  Black, 
from  p-aminophenol  or  p-aminocresol  {Vidal,  Mon.  sci.  [4]  11,  II,  655;  C.  1897,11, 
747;  Ger.  Pat.  99040,  1897).  Among  the  sulfur  dyes  which  have  been  pre¬ 
pared,  these  are  outstanding:  sulfur  black  (from  2,4-dinitrophenol) ,  immedial 
black  (from  2,4-dinitro-4'-hydroxydiphenylamine)  and  immedial  pure  blue  (from 
4-hydroxy -4  '-dimethylaminodiphenylamine) . 

Another  group  of  yellow  and  brown  dyes,  obtained  by  fusing  ra-toluenediamine 
and  related  compounds  with  sulfur  and  alkali  sulfides,  are  probably  derived  from 
the  benzothiazoles  (p.  143). 

The  selenium  compound  corresponding  to  phenothiazine,  phenoselenazine 
( Cornelius ,  J.pr.  88,  395),  and  a  series  of  analogous  dyes  ( Abderhalden ,  Fodor, 
Ber.  49,  577;  Karrer,  Ber.  51,  190)  have  been  prepared. 


3.  DIAZINES 
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FI  CH=CH — N  12] 
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[4]  CH=N - CH  [2] 
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Pyridazine,  1,2-Diazine, 
o-Diazine 


Pyrimidine,  1,3-Diazine, 
m-Diazine 


Pyrazine,  1,4-Diazine, 
p-Diazine 


The  trivial  names  are  a  combination  of  pyridine  and  the  symbol  az-  or  imid-. 
The  diazine  formulas  may  be  derived  from  the  pyridine  formula  by  replacement 
of  successive  methine  groups  by  nitrogen  atoms  (cf.  the  introduction,  page  6) . 


*  Cain  and  Thorpe:  Synthetic  Dyestuffs  and  Intermediate  Products  (Griffin, 
London,  1933) .  Bucher er:  Lehrbuch  der  Farbenchemie  (Spamer,  Leipzig,  1921) . 
Fierz-David  and  Blagney:  Grundlegende  Operationen  der  Farbenchemie  (Springer 
Berlin,  1938).  v.  Georgievics:  Ivurzes  Lehrbuch  der  Farbenchemie  (1921). 
Patents  in  Friedl under,  Teerfarben,  Vol.  V to XX.  v.  Weinberg:  Ber.  63,  Abt.  A, 
117  (1930).  Schultz:  Farbstofftabellen  (Weldmann,  Berlin,  1923).  Rowe: 
Colour  Index  (London,  1924). 
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(a)  Pyridazines  (1,2-Diazines) 

(1)  PYRIDAZINES  or  1,2-DIAZINES  are  prepared  by  the  fol¬ 
lowing  methods: 

1.  1,4-Diketones  and  hydrazine  hydrate  give  dihydropyridazines,  which  are 
partly  oxidized  even  by  air  or  autoxidation  to  pyridazines  ( Paal ,  Dericks,  Ber.  36, 
491): 

CH2— COC6H6  NH2  CH=C(C6H6)-NH  CH=C(C6H5)— N 

I  +  |  - *  I  I  - >  I  II 

CH2 — COCH3  NH2  CH=C(CH3)  -NH  cH=C(CH3)— -n 

For  the  mechanism  of  this  reaction,  see  Korschun,  Roll,  Bull.  [4]  39,  1223. 

2.  Pyridazones  (p.  284)  are  converted  by  POCl3  to  chloropyridazines,  which 
yield  pyridazines  when  reduced  with  hydriodic  acid  and  phosphorus  ( Oppenheim , 
Ber.  34,  4227) : 

HC— CO— NH  .  HC — CC1=N  HC— CH=N 

II  I  - >  II  I  - >  II  I 

HC— CH=N  HC— CH=N  HC— CH=N 

8.  Phthalazines  and  benzo[c]cinnolines  (pp.  285,  287),  the  benzo  and  dibenzo 
derivatives  of  pyridazine,  are  oxidized  to  pyridazinecarboxylic  acids  by  perman¬ 
ganate  ( Gabriel ,  Ber.  36,  3373) : 

/CH==N  H02C  •  C— CH=N  C6H4  •  N  C02H  •  C— C  (C02H) :  N 

C6h4<  1  — >  ||  I  ;  I  II  — >  I  I 

\CH=N  H02C  •  C — CH=N  C6H4-N  C02H -C— C(C02H)  :N 

CH=CH — N  CH— CH=N 

PYRIDAZINE,  1,2 -diazine,  |  ||  or  ||  |  ,  m.p.  —  8°, 

CH=CH— N  CH— CH=N 

b.p.  205°,  is  obtained:  ( 1 )  from  nitrosuccinaldehyde,  or  the  fumardialdehyde 
formed  from  it,  with  hydrazine  hydrate  ( Marquis ,  C.r.  136,  368);  (2)  from 
pyridazine -3 -carboxylic  acid  or  ( 3 )  pyridazinetetracarboxylic  acid  by  decarboxyl¬ 
ation;  (4)  from  pyridazone  by  method  2  ( Gabriel ,  Ber.  42,  654).  Pyridazine 
smells  like  pyridine,  forms  soluble  salts  with  acids  and  combines  with  AuC13, 
HgCl2,  and  the  like. 

3-Methyl-,  3-phenyl-  and  3 -phenyl -5-methylpyridazine,  b.p.  214°,  m.p.  103° 
(b.p.  332°)  and  m.p.  95°,  were  prepared  from  the  corresponding  pyridazones  by 
method  2  (see  above).  3-Methyl-6-phenylpyridazine,  m.p.  103°;  3,6-diphenyl- 
pyridazine,  m.p.  222°;  3,4,6-triphenylpyridazine,  m.p.  171°,  from  1,4-diketones 
according  to  method  1  (see  above).  3,6-Dimethylpyridazine,m.p.320,b.p.215°, 
very  hygroscopic,  is  obtained  from  its  dicarboxylic  acid  ( Wohlgemuth ,  Ber.  37, 
4362) .  3-Methylpyridazine  condenses  like  quinaldine  (p.  232)  with  benzaldehyde 
and  phthalic  anhydride. 

3 -Pyridazinecarboxylic  acid  is  formed  by  oxidation  of  3-(hydroxyphenyl)- 
pyridazine,  prepared  according  to  Method  2  (see  above),  with  permanganate 
{Gabriel,  Colman,  Ber.  32,  395).  6 -Phenylpyridazine -3 -carboxylic  acid,  m.p. 

131°,  from  3-methyl-6-phenylpyridazine  with  dilute  nitric  acid  {Paal,  Dencks, 
Ber.  36,  491).  3, 6 -Dime thylpyridazine -4, 5 -dicarboxylic  acid  ester,  m.p.  56°, 
from  its  dihydro  derivative  (see  below)  with  nitrous  acid.  Pyridazine -4,5- 
dicarboxylic  acid,  m.p.  213°  (dec.),  from  phthalazine,  and  pyridazinetetracar¬ 
boxylic  acid  from  benzo [c]cinnoline  (see  above).  4 -Phenylpyridazine -5, 6 -di¬ 
carboxylic  acid,  4 -phenylcinnolinic  acid,  m.p.  221°,  from  4-phenylcinnoline  (p. 
285). 

DIHYDROPYRIDAZINES  are  obtained  from  1,4 -diketones  and  hydrazines 
partly  or  wholly  in  place  of  the  expected  N -aminopyrroles  {cf.  method  1,  above). 

1 -Phenyl -3 -methyl-1, 2-dihydropyridazine,  m.p.  197°  (dec.),  from  levulinalde- 
hyde  and  phenylhydrazine  {Harries,  Ber.  31,  45).  3,4,6-Triphenyldihydro-, 
pyridazine,  m.p.  187°,  from  desylacetophenone  with  hydrazine,  yields  the  corre¬ 
sponding  phenazine  when  it  is  treated  with  chromic  acid.  1,3,4,6-Tetra- 
phenyldihydropyridazine ,  C4H2(C6H5)4N2,  m.p.  149°,  from  desylacetophenone 
with  phenylhydrazine,  is  converted  by  dry  distillation  to  1,3,4-triphenylpyrazole 
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(p.  95)  (Smith,  Ann.  289,  310).  3,6-Dimethyldihydropyridazine-4, 5-dicar - 
boxylic  acid  ester : 

N=C(CH3)  •  CHCO2C2H5 

I  I 

N=C(CH3)  .CHC02C2H6 

is  formed  from  a,/3-diacetylsuccinic  acid  and  hydrazine  hydrate  in  alcoholic  solu¬ 
tion,  and  reacts  with  another  mol  of  hydrazine  to  give  the  cyclic  hydrazide  of  the 
acid  ( Paal ,  Ubber,  Ber.  36,  497 ;  Billow,  Ber.  37,  91). 

OXODIHYDROPYRIDAZINES,  or  PYRIDAZONES,  and  OXOTETRA- 
HYDROPYRIDAZINES,  or  DIHYDROPYRIDAZONES,  result  from  the  re¬ 
action  of  1,4-oxocarboxylic  acid  esters  with  hydrazine  hydrate  or  monosubstituted 
hydrazines;  they  may  be  considered  to  be  ring-homologues  of  pyrazolone  (p. 
103) : 


CBr-CHO 

nh2 

CBr— CH=N 

+ 

- 

- >  II  1 

CBr  •  COOR 

nh2 

CBr  CO  NH 

CH2-COCH3 

nh2 

CH2-C(CH3)  :N 

1 

+ 

1 

- >  1  1 

CH2-COOR 

nh2 

CH2  CO  NH 

The  dihydropyridazones  are  readily  oxidized  to  pyridazones.  The  pyridazones 
are  converted  by  POCl3  to  chloropyridazines  (p.  283),  in  which  the  chlorine  atom 
is  easily  replaced  by  hydrogen  or  other  substituents. 

PYRIDAZONES.  3(2)-Pyridazone,  C4H4ON2,  m.p.  104°,  is  obtained  from 
its  carboxylic  acid,  which  is  the  product  of  the  oxidation  of  oxotetrahydropyrida- 
zine-3 -carboxylic  acid  with  bromine  ( Gabriel ,  Ber.  42,  657) .  Dibromopyridazone, 
m.p.  224°,  from  mucobromic  acid  with  hydrazine  (see  above).  3-Methylpyrida- 
zone,m.p.  143°.  3-Phenylpyridazone,  m.p.  202°;  5-methyl-3-phenylpyridazone, 
m.p.  190°;  1 -phenyl -3 -methylpyridazone,  m.p.  82°,  from  the  corresponding 

dihydropyridazones  with  bromine  ( Oppenheim ,  Ber.  34,  4227,  and  others). 

DIHYDROPYRIDAZONES,  PYRIDAZINONES.  4,5-Dihydro-3(2)-pyrida- 
zone,  pyridazinone,  C4H6ON2,  b.p.  170°,  is  formed  by  the  decarboxylation  of  3- 
oxo-2,3,4,5-tetrahydropyridazine-6-carboxylic  acid,  C4H5ON2COOH,  m.p.  198°, 
the  product  of  the  condensation  of  «-oxoglutaric  acid  with  hydrazine  ( Gabriel , 
Ber.  42,  655) ;  it  decomposes  when  digested  with  alkalis,  splitting  into  hydrazine 
and  other  products.  6-Methyl-4,5-dihydro-3(2)-pyridazone,  m.p.  94°,  and  the 
6-phenyl  derivative,  m.p.  149°,  are  obtained  from  levulinic  acid  ester  and  /3- 
benzoylpropionic  acid  ester.  6-Phenyl-3-oxo-2,3,4,5-tetrahydropyridazine-4- 
carboxylic  acid  ester,  m.p.  156°,  from  benzoylmethylmalonic  acid  with  hydrazine 
hydrate.  4-Methyl-6-phenyl-4,5-dihydro-3(2)-pyridazone,  m.p.  157°,  from 
benzoylisobutyric  acid  with  hydrazine  (Oppenheim,  Ber.  34,  4230).  2-Phenyl- 
6-methyl-4,5-dihydro-3(2)-pyridazone,  C4H4(CH3)ON2C6H5,  m.p.  107°,  b.p. 
340-350°,  is  converted  by  PC15  and  glacial  acetic  acid  into  2 -phenyl -6 -methyl - 
3(2)-pyridazone  (see  above),  and  phenylmethylchloropyridazone,  which  gives 
phenylmethylethoxypyridazone  with  sodium  ethylate.  Saponification  of  the 
latter  yields  phenylmethylhydroxypyridazone,  which  rearranges  when  heated 
with  HC1  at  170°  to  l-phenyl-3-methylpyrazole-5-carboxylic  acid  (p.  100): 

C  (OH ) — CO— N  C6H  5  C02H  •  C — N(C6H5k 

II  I  - >  II  >N 

CH — C(CH3) :  N  CH— C(CH3k 

CH— CO— NH 

Maleic  acid  hydrazide,  ||  |  ,  m.p.  over  250  °,  is  a  dioxotetrahydro- 

CH— CO— NH 

pyridazine.  It  is  formed  together  with  the  isomeric  N-aminomaleimide  from 
maleic  anhydride  and  hydrazine  (Foesterling,  J.pr.  51,  371).  The  cyclic  hydra- 
zides  of  the  succinic  acid  series,  formed  by  heating  the  acid  chlorides  with  hydra¬ 
zine  hydrochlorides  (Vol.  Ill,  p.  160),  are  dioxohexahydropyridazines,  or  ortho - 
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ch2— CO— nc6h6 

piperazones.  1 -Phenyl -1,2 -dihydro -3, 6 -pyridazine dione :  |  | 

CH2— CO— NH 


(2)  BENZOPYRIDAZINES.  There  are  two  isomeric  benzo- 
pyridazines,  one  having  the  benzo  ring  attached  to  the  3-  and  4-C- 
atoms  of  the  pyridazine  ring,  and  the  other  having  it  attached  to 
the  4-  and  5-C-atoms.  The  former  is  cinnoline,  and  the  latter, 

phthalazine : 


[5]  P] 

[6](/V/\s] 

m  N  1*1 

|7IW 

18]  N 
[i] 

Cinnoline 

Benzo  [c]  pyridazine 


16] 


[6]  [4] 

r  Y  N  [3] 


I(71  N  [2] 

l7\A/ 

18]  U] 

Phthalazine 
Benzo  [d]  pyridazine 


Cinnolines  are  formed  by  the  action  of  nitrous  acid  on  o-aminostyrenes  (Wid- 
man,  Ber.  17,  722;  Stoermer,  Fincke,  Ber.  42,  3115) : 


C6H 


4’ 


C(C6H5):CH2 

nh2 


no2h 
- > 


CeH, 


C(C6H5)  :CH 

■N: - N 


Hydroxycinnolinecarboxylic  acid  is  obtained  from  o-(carboxyethynyl)-ben- 
zenediazonium  chloride  by  warming  with  water : 


C6H 


.c=c-co2h 

'N2(OH) 


c6h4- 


■C  (OH)=C  •  C02H 

I 

■N - — N 


✓CH=CH 

Cinnoline,  CellX  |  ,  m.p.  39°,  strongly  basic,  poisonous,  soluble  in 

NN— N 

water  and  organic  solvents,  is  prepared  from  4 -hydroxycinnoline -3 -carboxylic 
acid,  m.p.  260°  (see  above).  The  acid  can  be  decarboxylated  to  4-cinnolinol, 
C8H5N2(OH),  m.p.  225°;  the  latter  reacts  with  PCI5  to  give  4-chlorocinnoline, 
C8H5N2C1,  whose  chlorine  atom  can  be  easily  displaced  by  groups  such  as  OH, 
OC2H5,  and  NHCeH5.  Reduction  of  4-chlorocinnoline  with  iron  filings  and  sul¬ 
furic  acid  yields  dihydrocinnoline,  C6H4(C2H4N2),  m.p.  88°,  which  can  be  oxi¬ 
dized  to  cinnoline  with  HgO  (Busch,  Klett,  Ber.  25,  2847;  Busch,  Rast,  Ber.  30, 
52i). 

4-Phenylcinnoline  (see  above),  sulfur-yellow  crystals,  m.p.  67°,  is  obtained 
from  o-amino-l,l-diphenylethylene  with  nitrous  acid;  it  is  oxidized  by  KMn04 
to  4-phenylpyridazine-5,6-dicarboxylic  acid  (p.  283)  (Borschc,  Ber.  42,  1315). 
4-Methylcinnolinecarboxylic  acid,  COOHC6H3fC2NH2(CH3)  ] ,  yellow  crystals, 
m.p.  230°,  from  o-aminopropenjdbenzoic  acid  (Widman,  Ber.  17,  722). 

/CH=N 

PHTHALAZINE,  CeH4<;  |  ,  m.p.  91°,  b.p.  189°  (29  mm.),  hydro- 

XCH=N 

chloride,  m.p.  231°,  is  prepared  from  a,«,a',a:'-tetrachloro-  or,  better,  tetra- 
bromo-o -xylene  with  hydrazine  solution: 


/CHBr2  H2N 
C6H4<  +  | 

xCHBr2  H2N 


/CH=N 

<  I 

\CH=N 


and  also  from  chlorophthalazine  by  reduction  with  hydriodic  acid  and  phosphorus 
(Gabriel,  Eschenbach,  Ber.  30,  3024;  Gabriel,  Ber.  36,  3377) .  A  general  synthesis 
for  1 -substituted  phthalazines,  analogous  to  the  method  of  forming  the  isoquino- 
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line  ring,,  consists  in  the  treatment  of  the  benzoylhydrazones  of  benzaldehydes 
with  hydrochloric  acid  in  amyl  alcohol  solution  ( Aggarwal ,  Darbari,  Ray ,  J.  1929, 
1941): 


y\  /CH. 

A/  V 


V 


XH 


OCX 

I 

c6h5 


y\  /CH. 

A/ 


V\CX 


N 


C6H5 


With  methyl  iodide  phthalazine  forms  an  addition  product,  C8H6N2TCH3; 
the  latter  reacts  with  silver  oxide  to  form  2-methyl-l(2)-phthalazone  (p.  287) 
and  with  aqueous  potassium  hydroxide  to  give  the  same  methylphthalazone,  and 
also  2 -methyl-1, 2 -dihydrophthalazine  (I),  which  oxidizes  rapidly  in  the  air  to 
the  methylphthalazone  (cf.  the  similar  reaction  of  the  alkylquinolinium  iodides, 
p.  230).  Phthalazine  is  reduced  by  sodium  amalgam  to  1,2,3,4-tetrahydro- 
phthalazine  (II),  and  by  zinc  dust  and  hydrochloric  acid  to  a^tt'-diaminoxylene, 


/CH=N  /CH2 — NH 

(I)  c6h4<  I  c6h4<  I  (II) 

XCH2— NCH3  xCH2— NH 

C6H4(CH2NH2)2  (Vol.  Ill,  p.  107)  ( Gabriel ,  Pinkus,  Ber.  26,  2210;  Gabriel, 
Muller,  Ber.  28,  1830).  Alkaline  permanganate  solution  oxidizes  phthalazine  to 
4,5-pyridazinedicarboxylic  acid  ( Gabriel ,  Ber.  36,  3378). 

Chlorophthalazine,  CeH4(C2HClN2) ,  m.p.  113°,  and  also  1-methyl-,  1-propyl-, 
and  1 -isobutylchlorophthalazine ,  m.p.  130°,  67°,  and  an  oil,  are  obtained  from 
phthalazone  and  alkylated  phthalazones  with  POCl3.  1,4-Dichlorophthalazine, 
m.p.  165°,  by  the  action  of  POCl3  on  phthalylhydrazine  (Vol.  Ill,  p.  387) 
(Ger.  Pat.  481650,  1925,  Frdl.  XVI,  541).  When  reduced  these  chloro  com¬ 
pounds  form  derivatives  of  isoindole;  chlorophthalazine  yields  1,3 -dihydroiso- 
indole  (III)  (for  derivatives,  see  Frdnkel,  Ber.  33,  2810;  v.  Braun,  Ber.  43,  1353) 
and  1-methylchlorophthalazine  gives  1  -methylisoindole  (IV),  which  can  be  re- 


/CH2V  /C(CH3k 

(III)  C6H4<  >nh  c6hZ  .  XN  (IV) 

XCH/ 

duced  to  methyldihydroisoindole .  The  other  homologues  behave  similarly  ( Brom¬ 
berg ,  Ber.  29,  1434).  With  phosphorus  and  hydriodic  acid  xthe  reduction  of  the 
chlorophthalazines  can  be  stopped  at  the  phthalazine  stage  ( Gabriel ,  Eschenbach, 
Ber.  30,  3022;  Paul,  Ber.  32,  2014) . 

1-Methylphthalazine  (V),  m.p.  74°,  condenses  like  quinaldine  (p.  232)  with 
phthalic  anhydride,  chloral,  and  benzaldehyde  to  form  (C8H5N2)CH: C202C6H4, 
(C8H5N2)CH2-CH(0H)CC13,  and  (C8H5N2)CH:CHC6H5,  respectively  (Gabriel, 
Eschenbach,  Ber.  30,  3033).  1 -Ethylphthalazine ,  C8H5N2(C2H5),  m.p.  23°,  b.p. 

190°  (16  mm.),  from  ethylchlorophthalazine. 

/CH=N  /CH— N 

(V)  C6H4<  I  C6H4<  I  (VI) 

XC(CH3):N  \  xCH=N(C1)C6H5 

1-Phenyl-  and  1-benzylphthalazine,  m.p.  142°  and  82°,  from  the  correspond¬ 
ing  phthalazones  ( Loeck ,  Ber.  38,  3918).  2-Phenylphthalazinium  chloride  (VI), 
m.p.  107°,  is  formed  by  the  condensation  of  o-phthalaldehyde  with  phenylhydra- 
zine  hydrochloride;  with  alkalis  it  gives  2-phenyldihydro-l-phthalazinol,  m.p. 
129°,  which  with  hydrochloric  acid  regenerates  the  phenylphthalaziniurn  chlo¬ 
ride  ( Thiele ,  Falk,  Ann.  347,  114). 

PHTHALAZONES,  oxodihydrophthalazines,  are  obtained  from  aromatic  o- 
formyl-  and  o-oxocarboxylic  acids  with  hydrazines: 
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/CHO  H2N 

c6h4<  +  I 

xCOOH  '  H2N 

Phthalaldehydic  acid 


■> 


c6h4- 


CH=N 
CO— NH 


1  (2)  -Phthalazone 


PHTH  ALA  ZONE,  m.p.  183°,  b.p.  337°,  can  be  prepared  from  oxodihydro- 
phthalazinecarboxylic  acid,  the  condensation  product  of  phthalonic  acid  with 
hydrazine  ( Frarikel ,  Ber.  33,  2808),  or  directly  from  phthalaldehydic  acid  and 
hydrazine  ( Seekles ,  Rec.  43,  329).  Phthalazone  forms  a  potassium  salt,  CsH5- 
ON2K,  when  treated  with  alcoholic  KOH,  N-acetylphthalazone  with  acetyl 
chloride  and  N-methylphthalazone  with  methyl  iodide.  The  latter  compound  is 
also  obtained  from  N-methylphthalazinium  iodide  (p.  286). 

4-Methyl-l (2) -phthalazone  (I),  m.p.  220°,  b.p.  348°,  from  o-acetylbenzoic 
acid  ( Gabriel ,  Neumann,  Ber.  26,  524;  Liebermann,  Bistrzyski,  Ber.  26,  535). 
4 -Ethyl-,  propyl-,  isobutyl-,  and  benzyl-1  (2) -phthalazone,  m.p.  169°,  156°,  113°, 
and  152°  ( Bromberg ,  Ber.  29,  1434;  Paul,  Ber.  32,  2016).  4-Phenyl -1(2)- 
phthalazone,  m.p.  106°,  from  phthalaldehydic  acid  and  phenylhydrazine  ( Seekles , 
Rec.  43,  329). 

C(CH3)=N 

(I)  CeH/  | 

xCO - NH 


.CO— NH 

c6h4<  I  (II) 
xCO— NH 


Phthalazinediones  are  the  cyclic  hydrazides  of  phthalic  acids.  Since  they 
correspond  to  the  o-piperazones  (p.  285),  they  are  also  known  as  benzo-o-pipera- 
zones.  1,4-Phthalazinedione,  phthaloylhydrazine  (II),  m.p.  over  250°,  is  formed 
from  phthalic  acid  ester,  chloride,  or  anhydride  with  hydrazine  ( Radenhausen , 
J.pr.  52,  447 ;  Davidis,  J.pr.  54,  66) ;  with  POCl3  it  gives  1,4-dichlorophthalazine 
(Ger.  Pat.  481650,  1925).  2-Phenyl-l,4-phthalazinedione,  phthaloylphenyl- 
hydrazine,  from  phthalic  acid  monophenylhydrazide  by  heating. 

Benzo[c]cinnoline,  phenazone,*  dibenzopyridazine,  crystallizes  in  the  form  of 
yellow  needles,  m.p.  156°,  is  isomeric  with  phenazine  (p.  305).  It  is  prepared 
from  2,2'-dinitrodiphenyl  by  electrolytic  reduction  or  by  reduction  with  sodium 


<: 


CH 

18]  NCH- 

17] 


19]  [10] 

CH=CHX 


>C— (X 

-cf  >c 

XN=N 

16]  15] 


U]  [2] 

CH=CHX 

>CH  13] 

-CH^ 


14] 


amalgam  and  methanol;  an  intramolecular  formation  of  an  azo  group  takes  place: 


/N02  02Nx 
C6H4— - Nc6H4 


n=nx 

C6H4A - -^c6h4 


The  monoxide  and  dioxide  of  benzo[c]cinnoline  are  formed  as  intermediate 
products.  Benzocinnoline  oxide  (m.p.  139°)  is  also  quickly  obtained  by  re¬ 
duction  of  2,2'-dinitrodiphenyl  with  sodium  sulfide;  it  is  reduced  to  benzocinno¬ 
line  by  stannous  chloride  ( Ullmann ,  Dieterle,  Ber.  37,  24).  Another  method  for 
preparing  benzo[c]  cinnoline  is  to  heat  2,2  '-dihydrazinodiphenyl  with  hydrochloric 
acid  at  150°.  Reduction  of  benzocinnoline  with  tin  and  HC1  gives  5,6-dihydro- 
benzoic]  cinnoline,  Ci2H8(N2H2)  ( 'Fauber ,  Ber.  24,  3083).  Benzocinnoline  is  a 
base;  it  adds  alkyl  iodides  ( Ullmann ,  Dieterle',  Ber.  37,  25).  The  relation  of 
benzo[c]  cinnoline  to  pyridazine  is  evident  from  its  oxidation  by  permanganate  to 
pyridazinetetracarboxylic  acid  (p.  283). 

Dimethylbenzo[c] cinnoline,  tolazone,  (C7lI6)2N2,  m.p.  187°,  is  obtained  from 
2,2,-dinitrodimethyldiphenyl  {Meyer,  Ber.  26,  2239).  2,9-Dimethylbenzo[c] - 
cinnoline,  m.p.  188°;  2,9-diaminobenzo[c] cinnoline,  m.p.  265°  {Ullmann, 
Dieterle,  Ber.  37,  23). 

Compounds  containing  a  pyridazine  ring  combined  with  a  triazole  ring  have 
been  prepared  by  condensation  of  N-aminotriazole  with  1,3-diketones  and  /3- 
oxocarboxylic  acids  esters  (c/.  p.  156,  and  Billow,  Ber.  42,  2594) . 


*  Antipyrine  (p.  106)  is  also  sometimes  called  phenazone. 
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(b)  1,3-Diazines 

(1)  PYRIMIDINES.  Pyrimidines,  or  1,3-diazines,  are  ring- 
homologues  of  the  imidazoles  (p.  124),  and,  like  them,  may  be  re¬ 
garded  as  cyclic  amidines.  Purines,  containing  a  pyrimidine  ring 
fused  to  an  imidazole  ring,  are  mostly  treated  in  Vol.  I,  because  of 
their  relation  to  uric  acid  and  the  ureides  of  the  malonic  acid  series. 

Pyrimidines  are  prepared  by  the  following  methods: 

1.  From  carboxylic  acid  amidines  with  1,3-diketones  ( Pinner , 
Ber.  26,  2125): 

/NH  /COCH3  /N— C(CH3k 

-C6tI5C<f  +  CH2<  - >  C6H5C<f  %CH 


=C(CH3> 

The  reaction  of  amidines  with  jS-formyl-  and  0-oxocarboxylic  acids  gives 
hydroxy  pyrimidines,  and  with  cyanoacetic  ester,  aminohydroxy  pyrimidines.  If 
ureas,  thioureas,  or  guanidines  are  used  in  place  of  amidines,  dihydroxy  pyrimi¬ 
dines  (uracils),  aminohydroxy-  and  diaminohydroxypyrimidines,  respectively, 
are  produced.  These  compounds  have  been  partially  described  in  Vol.  I,  in  con¬ 
nection  with  the  purine  group. 

,NH  /COCHa  /N- 

+  ch2<  - 

xh2  xcooc2h5  > 


CH3C 


CHaC<f 

\n=C(OH)/ 


/NH  /CN 

NH2C^  +  CH2< 

\nh2  xCN 


NH2C<f 


:N— C(NIi2) 


•N= 


SCH 

C(NH2K 


The  synthesis  with  thioureas,  in  particular,  can  be  varied  widely.  For  example, 
with  7 -diethoxy acetoacetic  ester,  a  formyl  group  is  introduced  in  the  4-position; 
this  is  the  only  reaction  now  known  that  yields  aldehydes  of  the  pyrimidine  series 
f  Johnson,  Cretcher,  Am.  37,  2144;  J.Biol.Chem.  26  (1917),  99] : 


HNH  H6C2OCO 

I  I 

HS-C  +  CH 

II  II 

NH  HOC— CH(OC2H6)2 


HN— CO 

I  I 

->  HSC  CH 


N — C — CH  (OC2H5)2 


With  POCl3  the  hydroxypyrimidines  give  chloropyrimidines,  which  are 
generally  converted  to  pyrimidines  by  digestion  with  zinc  dust  and  water. 

2.  Aminopyrimidines  (cyanoalkines)  are  formed  when  nitriles  of 
f atty  acids  are  heated  with  sodium  or  sodium  alcoholate  at  150°.  The 
structure  of  the  aminopyrimidines  is  evident  from  their  conversion  by 
nitrous  acid  to  the  hydroxypyrimidines  obtained  according  to  method 
1  [Holtzwart,  J.pr.  39,  230;  v.  Meyer,  Bet. Verhandl.K. sachs. Ges.Wiss. 
57  (1906),  324]: 

CH3  •  C=N - CCH3  CH3C=N - CCHj 

3CH3CN  - >  I  II  - »  I  II 


N=C(NH2) — CH 


N=C(OH) — CH 


The  intermediate  products  of  this  reaction  are  probably  imines  of  /3-oxo- 
carboxylic  acid  nitriles,  such  as  CH3C(  :NH)CH2CN,  ( cf .  Vol.  I),  which  combine 
with  a  third  molecule  of  the  nitrile  to  give  aminopyrimidines.  Mixtures  of  two 
alkyl  cyanides  also  give  aminopyrimidines  when  heated  with  sodium  or  sodium 
alcoholate. 

l«l  16]  H] 

.CH— Nv  /CH— Nx 

PYRIMIDINE,  (0)CH<f  >CHhd  or  M  CH<f  %CH  M,  m.p. 

\ch=n/  \ch=n/ 

El  [4]  [3] 
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21°,  b.p.  124°  (760  mm.),  a  base  of  narcotic  odor,  soluble  in  water,  precipitated 
by  sublimate.  It  is  prepared  by  dry  distillation  of  4-pyrimidinecarboxylic  acid 
or  by  digestion  of  tri-  or  tetrachloropyrimidine  with  zinc  dust  and  water  ( Billow , 
Schlesinger,  Ber.  33,3366 ;  Emery,  Ber.  34,  4178) .  It  forms  a  characteristic  molec¬ 
ular  compound  with  HgCL,  which  is  sparingly  soluble  in  water.  Gold  chloride 
compound,  m.p.  226°;  picrate,  m.p.  156°. 

The  following  derivatives  were  prepared  in  the  usual  way,  that  is,  by  reduction 
of  chlorinated  pyrimidines.  4-Methylpyrimidine,  m.p.  142°;  5-methylp.,  m.p. 
30°,  b.p.  152°;  2-methylp.,  m.p.  —5°,  b.p.  138°;  4,5-dimethylp.,  m.p.  3°,  by>. 
177.°;  4,6-dimethylp.,  m.p.  25°;  b.p.  159°;  2,4-dimethylp.,  b.p.  146°;  4-methyl- 
5-ethylp.,  b.p.  193°;  4-methyl-2-phenylp.,  m.p.  22°,  b.p.  270°;  2,4-diethyl-5- 
methylp.,  cyanoconiine ,  b.p.  205°,  having  an  action  similar  to  coniine  (p.  332) 
(Gerngross,  Ber.  38,  3394).  4,6-Dimethyl -2-phenylp.,  m.p.  83°,  b.p.  276°, 
from  benzamidine  and  acetylacetone  (see  above) . 

The  methyl  group  between  the  two  N-atoms,  as  in  the  case  of  picoline  and 
quinaldine,  condenses  with  benzaldehyde  to  P-  [4]CH:CHC(;H5,  P-[6](CH:- 
CHC6H5)2,  etc.  ( Gabriel ,  Colman,  Ber.  36,  3383) .  4-Methylpyrimidine,  prepared 
very  easily  from  methyluracil  (see  below) ,  decomposes  to  1 ,3-diaminobutane  when 
reduced  with  Na  and  alcohol  ( Byk ,  Ber.  36,  1924;  Johnson,  Joyce,  Am.  38,  1854) . 

No  simple  preparation  for  pyrimidinecarboxaldehydes  is  known.  By  circuitous 
methods  a  few  hydroxy-  and  dihydroxypyrimidinecarboxaldehydes  have  been 
obtained  (see  p.  291).  * 

CARBOXYLIC  ACIDS  are  formed  by  oxidation  of  methylpyrimidines  with 
KMn04.  Carboxyl  groups  next  to  N-atoms  are  easily  removed.  4-Pyrimidine - 
carboxylic  acid,  m.p.  240°  (dec.),  from  4-methylp'yrimidine.  5-Methylp.-4- 
carboxylic  acid,  from  4,5-dimethylp.  ( Schlenker ,  Ber.  34,  2825).  6-Methylp.-4- 
carboxylic  acid,  from  4,6-dimethylp.,  together  with  4,6-pyrimidinedicarboxylic 
acid  ( Angerstein ,  Ber.  34,  3956).  4,5-Pyrimidinedicarboxylic  acid  is  obtained 
from  quinazoline  (benzopyrimidine,  p.  292)  by  oxidation  with  KMn04;  when 
heated  it  loses  CO-2,  leaving  5-pyrimidinecarboxylic  acid  ( Gabriel ,  Colman,  Ber. . 
37,  3647). 

HYDROXYPYRIMIDINES  are  tautomeric  with  pyrimidones 
(oxodihydropyrimidines) : 

/CH\  /CHX 

N  CII  N  CII 

I  II  7~~~*  I  II 

HOC  CH  OC  CH 

^nh/ 

The  pyrimidone  derivatives  include  many  physiologically  important  com¬ 
pounds,  which  occur  either  as  decomposition  products  of  purines  (such  as  uric 
acid)  or  as  cleavage  products  of  nucleic  acids  (Vol.  I,  p.  748).  Uracil  was  first 
obtained  by  the  hydrolysis  of  nucleic  acid  from  yeast  ( Ascoli ,  Z. physiol. Chem. 
31,  162).  Thymine  and  cytosine  can  be  similarly  isolated  from  the  thymus  nu¬ 
cleic  acid  ( Kossel ,  Neumann,  Ber.  26,  2753;  27,  2219). 

The  basic  syntheses  of  pyrimidols  are  given  on  p .  288 . 

PYRIMIDOLS,  MONOHYDROXYPYRIMIDINES.  2-Pyrimidol,  2(l)-pyr- 
imidone,  m.p.  over  320°,  from  2-ethylmercaptopyrimidine  by  acid  hydrolysis 
(Johnson,  Joyce,  Am.  37,  2151) .  4-Pyrimidol,  4(3) -pyrimidone,  m.p.  165°,  from 
2,4-dichloropyrimidine  with  coned.  Ill  and  red  phosphorus  [Wheeler,  J.Biol. 
Chem.  3  (1907),  285].  2-Methyl-4-pyrimidol,  m.p.  212°,  from  acetamidine  and 
malonaldehydic  acid  ester  (Gabriel,  Ber.  37,  3639).  2-Phenyl-4-pyrimidol,  m.p. 
208°,  b.p.  260-263°  (30  mm.),  from  its  carboxylic  acid,  whose  ester,  m.p.  214°, 
is  obtained  from  benzamidine  or  benzamidoxime  with  dicarboxyglutaconic  acid 
ester  (Ruhemann,  Hemmy,  Ber.  30,  1488;  Wolf,  Ber.  30,  1564) .  2, 4 -Dimethyl -6- 

pyrimidol,  m.p.  192°,  from  acetoacetic  ester  and  acetamidine,  or  from  2, 4-di¬ 
methyl -6-aminopyrimidine  (see  below)  with  nitrous  acid.  4, 6-Dimethyl -2- 
pyrimidol,  m.p.  198°,  from  acetylacetone  and  urea  (Angerstein,  Ber.  34,  3956; 
Stark,  Bogemann,  Ber.  43,  1126).  2-Phenyl-4-methyl-6-pyrimidol,  m.p.  216° 
(Schmidt,  Ber.  35,  1575). 
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PYRIMIDINEDIOLS  ( dihydroxy  pyrimidines )  or  uracils  are  obtained  from 
0-oxocarboxylic  acid  esters  and  urea,  from  aminopyrimidols  with  HN03  or  by 
heating  with  hydrochloric  acid  or  from  hydrouracils  with  bromine. 

URACIL  =  2,4(l,3)-pyrimidinedione  or  2,4-pyrimidinediol  (synthesis,  prop¬ 
erties,  Vol.  I,  p.  628).  Thymine  (5 -methyluracil)  and  4-methyluracil  (Vol.  I, 
pp.  628-629).  4,5-Dimethyluracil,  m.p.  290°;  4-methyl-5-ethyluracil  {Byk, 
Ber.  36,  1915) ,  etc. 

2,4,6-Pyrimidinetriol,  2,4,6(l,3,5)-pyrimidinetrione,  is  barbituric  acid  (malon- 
ylurea) .  For  this  acid  and  its  derivatives,  see  Vol.  I,  p.  630. 

Alloxan,  2,4,5,6-pyrimidinetetrol,  2,4,5,6(l,3)-pyrimidinetetrone,  produced 
by  the  cleavage  of  uric  acid  with  concentrated  nitric  acid  (Vol.  I,  p.  633) . 

HYDROXYPYRIMIDINECARBOXYLIC  ACIDS.  Uracil-4-carboxylic  acid, 
2,Q-dihydroxypyrimidinecarboxylic  acid,  dec.  346°,  by  oxidation  of  4-methyluracil; 
the  ethyl  ester  (m.p.  189°)  is  synthesized  from  oxaloacetic  ester  and  urea,  accord¬ 
ing  to  method  1  (p.  288).  It  is  identical  with  orotic  acid  ( Bachstez ,  Ber.  60, 
1000) ,  one  of  the  compounds  isolated  from  the  mother  liquor  of  lactose  production 
[ Biscaro ,  Belloni,  C.  1905,  II,  63]. 

AMIN OPYRIMIDINES  {Cyanoalkines) .  {Cf.  method  2,  p.  288).  2,4-Di- 
methyl-6-aminopyrimidine,  cyanomethine ,  m.p.  180°;  2,4-diethyl-5-methyl-6- 
aminopyrimidine ,  cyanoethine,  m.p.  189°;  2,4-dibenzyl-5-phenyl-6-aminopyrimi- 
dine,  cyanobenzyline,  m.p.  106°  ( Kratz ,  J.pr.  53,  210). 

2-Amino-  and  6-aminopyrimidine  and  2,6-diaminopyrimidine,  from  their  halo¬ 
gen  derivatives  by  reduction  ( Gabriel ,  Ber.  34,  3362;  Biittner,  Ber.  36,  2227). 

2.4.6- Triaminopyrimidine,  m.p.  246°,  from  2,4,6-trichloropyrimidine  with  NH3 
at  200°,  or  from  guanidine  and  malononitrile  with  sodium  ethylate  ( Traube , 
Ber.  37,  4544),  reacts  with  HNO2  to  form  nitrosotriaminopyrimidine,  which  can 
be  reduced  to  2,4,5,6-tetraaminopyrimidine.  4,5,6-Triaminopyrimidine,  which 
gives  adenine  (Vol.  I,  pp.  641,  643)  when  heated  with  formic  acid,  is  prepared 
from  4,5,6-triamino-2-thiopyrimidine  by  oxidation  with  H202;  the  latter  com¬ 
pound  is  obtained  from  4,6-diamino-2-thiopyrimidine,  which  is  synthesized  from 
malononitrile  and  thiourea.  Thiourea  and  cyanoacetic  ester  give  4-amino- 
2-thiopyrimidol,  which  can  be  converted  to  4,5-diamino-2-thiopyrimidol; 
when  condensed  with  formic  acid  and  oxidized  (to  remove  the  SH -group),  the 
latter  yields  hypoxanthine  (Vol.  I,  pp.  641,  642)  ( Traube ,  Ann.  331,  64). 

AMINOPYRIMIDOLS  are  prepared:  ( 1 )  from  /3-oxocarboxylic  acid  esters 
with  guanidine,  e.g.,  4,5-dimethyl-  and  4-methyl-5-ethyl-2-amino-6-pyrimidol 
from  guanidine  with  methyl-  and  with  ethylacetoacetic  ester  ( Schlenker ,  Ber.  34, 
2835;  Byk,  Ber.  36,  1915).  {2)  From  amidines  with  cyanoacetic  ester  and  Na 

ethylate,  e.g.,  2-methyl-  and  2-phenyl -6-amino-4-pyrimidol  ( Traube ,  Herrmann, 
Ber.  37,  2267;  Ger.  Pat.  135371,  1901).  4 -Amino -2, 6 -pyrimidine diol,  by  con¬ 
densation  of  cyanoacetylurea  in  alkali  {Baum,  Ber.  41,  525).  4,5-Diamino- 

2. 6 - pyrimidine diol  and  5 -amino -2, 4, 6 -pyrimidine triol  ( uramil )  are  used  in  the 
synthesis  of  uric  acid  (Vol.  I,  p.  639) . 

Cytosine,  4-amino-2{l) -pyrimidone  or  4-amino -2 -pyrimidol,  was  first  obtained 
from  thymus  nucleic  acid.  Synthesis,  properties:  Vol.  I,p.  628.  Cytosine 
can  be  prepared  with  better  yield  from  uracil  over  2,6-dichloropyrimidine  (c/. 
Hilbert,  Johnson,  Am.  52,  1152) .  5-Methylcytosine  is  a  cleavage  product  of  the 
nucleic  acid  of  the  tubercle  bacillus  {Johnson,  Coghill,  Am.  47,  2838).  2,5- 

Diamino-4,6-pyrimidiijediol,  having  a  characteristic  crystalline  sulfate  which  is 
sparingly  soluble  in  water,  is  identical  with  divicine,  a  product  of  the  cleavage  of 
vicine  (from  vetch)  with  20%  sulfuric  acid  [Levene,  J.Biol.Chem.  18  (1914),  305; 
Fischer,  Bor.  47,  2611;  Levene,  Senior,  J.Biol.Chem.  25  (1917),  607]  {cf.  the 
analogous  formation  of  alloxanthine  from  convicine,  Vol.  I,  p.  634). 

CHLOROPYRIMIDINES  are  formed  from  pyrimidols  with  POCl3;  they  are 
important  intermediates,  since  the  chlorine  atoms  are  easily  replaced  by  NH2, 
OR,  SH,  or  H.  When  pyrimidine  is  treated  with  bromine  the  5 -position  is  sub¬ 
stituted  first  {Johnson,  Joyce ,  Am.  38,  1557) .  4, 5-Dimethyl -2-chloropyrimidine, 
m.p.  38°,  b.p.  223°;  2,4-dimethyl-  and  2-phenyl-4-methyl-6-chlorop.  {Anger- 
stein,  Ber.  34,  3956;  Schmidt,  Ber.  35,  1575).  4-Methyl-2,6-dichlorop.,  m.p. 
47°,  b.p.  219°;  4,5-dimethyl-2,6-dichlorop.,  m.p.  71°;  4-methyl-5-ethyl-2,6- 
dichlorop.,  m.p.  39°  {Schlenker,  Ber.  34,  2825;  Byk,  Ber.  36,  1915).  2,4,6- 

Trichloropvrimidine,  m.p.  21°,  b.p.  213°,  from  barbituric  acid  {Gabriel,  Colman, 
Ber.  37,  3657);  2,4,5,6-tetrachloropyrimidine,  m.p.  70°,  from  dialuric  acid 
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( Fichter ,  Merckins,  Ber.  34,  4176).  Depending  on  the  temperature,  trichloro- 
pyrimidine  reacts  with  NH?  to  give  aminodichloro-,  diaminochloro-,  or  triamino- 
pyrimidine  (see  above).  2-Phenyl -5-chloropyrimidine,  m.p.  96°,  and  2-phenyl- 
5-bromopyrimidine,  m.p.  104°,  are  obtained  from  their  carboxylic  acids,  which 
are  prepared  from  mucochloric  and  mucobromic  acid  with  benzamidine  ( Kunckell , 
Sarfert,  Ber.  35,  3169) . 

HYDROXYPYRIMIDINECARBOXALDEHYDES.  Uracil-4-carboxaldehyde 

(hydrate),  m.p.  over  300°  ( Johnson ,  Cretcher,  Am.  37,  2144).  Thymine-4- 
carboxaldehyde,  m.p.  205°  (1  H20),  by  hydrolysis  of  the  diethyl  acetal  of  2- 
ethylmercapto-4-thyminecarboxaldehyde  ( Johnson ,  Cretcher ,  J.Biol.Chem.  26, 
99) .  For  the  explanation  of  this  synthesis,  see  p.  288.  Cytosine  -4 -carboxalde- 
hyde,  m.p.  255°  (dec.)  ( Johnson ,  Matsuo,  Am.  41,  810). 

HYDRO  PYRIMIDINES.  Tetrahydropyrimidines  are  obtained  from  1,3- 
diamines  with  carboxylic  acids  or  from  1,3 -dibromides  with  carboxylic  acid 
amides.  2-Methyltetrahydropyrimidine  (I),  m.p.  about  73°,  b.p.  120-126° 
(20  mm.),  from  1,3-propanediamine  with  acetic  acid;  2,4,6-trimethyltetrahydro- 
pyrimidine,  cis-  and  £rans-form:  m.p.  73°  and  102°,  from  the  two  forms  of  2,4- 
pentanediamine  with  acetic  acid  ( Harries ,  Haga,  Ber.  32,  1191;  Haga,  Majima, 
Ber.  36,  334).  2-Phenyltetrahydropyrimidine,  from  1,3-dibromopropane  and 
benzamidine  ( Pinner ,  Ber.  26,  2122).  2-Phenyldihydro-5(4) -pyrimidone,  m.p. 
91°,  from  diaminoacetone  and  benzoyl  chloride  ( Rugheimer ,  Mischel,  Ber.  25, 
1564;  Traube,  Ber.  27,  277).  4,6,6-Trimethyldihydro-2(l)-pyrimidone  (II), 

/CIR— Nv  /C(CHo) — NHv 

(I)  CH2<  >CCHs  HC^  >CO  (II) 

xCH2-NH/  \C(CH3)2  •  NIP 


m.p.  194°,  from  N-(a:,a-dimethyl-y-oxobutyl)-urea,  NH2CONHC(CH3)2-- 
CH2COCH3  ( Traube ,  Lorenz,  Ber.  32,  3156). 

1,3-Diphenylhexahydropyrimidine,  m.p.  87°,  from  trimethylenedianiline  with 
formaldehyde  ( Scholz ,  Ber.  32,  2253). 

The  oxo  and  imino  derivatives  of  di-,  tetra-,  and  hexahydropyrimidines  are 

the  tautomeric  forms  of  mono-,  di-,  and  trihydroxypyrimidines,  aminopyrimidines 
and  hydroxyaminopyrimidines  (see  above) . 

Purine  and  its  derivatives  contain  a  double  ring  of  pyrimidine  and  imidazole. 
The  purines  are  usually  synthesized  from  4,5-diaminopyrimidines  or  4,5-amino- 
pyrimidols  (see  above  and  Vol.  I,  pp.  638 ff.). 

Alloxazine,  2,4:(l,3)-pyrimido[4:,5-b]quinoxalinedione,  prepared  from  alloxan 
and  o-phenylenediamine,  has  a  ring  system  somewhat  similar  to  that  of  purine 
(Kiihling,  Ber.  32,  1650,  and  others) : 


N=CH — C- 


-N 


CH=N — C — NH 

Purine 


%CH 


NH— CO— C=N 

I  I 

CO— NH— C=N 

Alloxazine 


c6h4 


Compounds  containing  a  pyrimidine  ring  fused  to  a  s-triazole  or  tetrazole  ring 
are  obtained  by  condensation  of  C-aminotriazole  (p.  156)  and  C-aminotetrazole 
faminotetrazotic  acid)  (p.  172)  with  1,3-diketones  or  /3-oxocarboxylic  acid  esters 
{Bulow,  Ber.  42,  4429;  Billow,  Haas,  Ber.  42,  4638) : 


CH3  •  C=N - CH=N 

I  I 

CH :  C  (CH3)  •  N — CH 

5,7-Dimethyl-s-triazolo[2,3-a]- 

pyrimidine 


CH3  •  C=N - -CII=N 

I  I 

CH:C(CH3)-N - N 

5,7-Dimethyltetrazolo[a]- 

pyrimidine 


(2)  QUIN  AZOLINES.  The  quinazolines  are  benzopyrimi- 
dines  or  benzo-l,3-diazines.  They  are  isomeric  with  the  phthal- 
azines,  the  cinnolines  (p.  285)  and  the  quinoxalines  (p.  299).  Their 
formula  may  be  derived  from  the  quinoline  or  isoquinoline  formula 
by  replacement  of  a  methine  group  by  N : 
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6  4 

6/\/\ 

6  N3 

7\An/2 


/ 


Quinazolines  are  prepared  from  acyl  derivatives  of  o-aminobenz- 
aldehyde  and  of  o-aminobenzyl  ketones  ( Bogert ,  McColm,  Am.  49, 
2650)  by  treatment  with  alcoholic  ammonia  ( Bischler ,  Lang,  Ber.  28, 
279) : 


CHO 


C6H4< 


nh3 


\nth — coch3 

o-Acetamidobenzaldehyde 


CH=N 
C6H4<  I 

XN=C-CH3 

2-Methylquinazoline 


Quinazolines  are  also  obtained  by  oxidation  of  dihydroquinazolines 
with  potassium  ferricyanide  ( Gabriel ,  Ber.  36,  810). 

The  quinazolines  are  stable  tertiary  bases  which  distill  undecom¬ 
posed.  They  add  alkyl  iodides.  They  are  reduced  by  sodium  and 
alcohol  to  dihydroquinazolines  {Bischler,  Howell,  Ber.  26,  1385). 
Oxidation  with  chromic  acid  in  glacial  acetic  acid  converts  quinazo¬ 
lines  in  which  the  CH-group  next  to  the  benzene  ring  is  free  into  oxo- 
dihydroquinazolines  (or  hydroxyquinazolines,  p.  293).  With  mineral 
acids  the  pyrimidine  ring  is  opened  by  hydrolysis. 

/CH=N 

QUINAZOLINE,  benzopyrimidine ,  CeH4<t  (  ,  m.p.  48°,  b.p.  243°, 

XN=CH 

from  dihydroquinazoline  with  potassium  ferricyanide  and  from  the  condensation 
product  of  o-nitrobenzaldehyde  with  formamide  by  reduction  with  zinc  dust  and 
acetic  acid  ( Bogert ,  McColm,  Am.  49,  2650) .  It  adds  methyl  iodide  at  the  3-N- 
atom.  This  addition  product  is  converted  by  aqueous  potassium  hydroxide  to 
3-methyl-3-quinazolinium  hydroxide,  C8H6N2(CH3)OH,  m.p.  164°,  which  de¬ 
composes  when  distilled  with  aqueous  potassium  hydroxide  into  formic  acid  and 
a-methyliminotoluidine,  NH2C6H4CH:NCH3  ( Gabriel ,  Colman,  Ber.  37,  3650). 
With  KMn04  quinazoline  is  oxidized  mostly  to  4,5-pyrimidinedicarboxylic  acid 
(p.  289)  ( loc .  cit.,  p.  3646). 

2-Methylquinazoline,  m.p.  41°,  b.p.  248°,  from  o-acetamidobenzaldehyde  or 
2-methyldihydroquinazoline  ( Gabriel ,  Ber.  36,  810).  4-Methylquinazoline,  b.p. 
260°,  from  its  2-carboxylic  acid  ( Bogert ,  Nabenhauer,  Am.  46,  1932).  2,4- 

Dimethylquinazoline,  oil,  b.p.  249°  (hydrate,  m.p.  71°),  from  o-acetamidoaceto- 
phenone  with  NH3.  2 -Phenylquinazoline,  m.p.  101°,  is  obtained  from  o-benz- 
amidobenzaldehyde  with  NH3,  from  2-(aminobenzyl)-benzamide  instead  of  the 
expected  dihydro  derivative  (p.  293)  and  from  2-chloroquinazoline  and  benzene 
by  the  Friedel -Crafts  method  (Brit.  Pat.  287179,  1928).  2 -Methyl -4 -phenyl  - 
quinazoline,  C8H4(CH3)  (C6H5)N2,  m.p.  48°,  from  o-acetamidobenzophenone,  is 
oxidized  by  chromic  acid  to  4-phenylquinazoline-2-carboxylic  acid.  As  in  quinal- 
dine,  the  methyl  group  in  the  2-position  is  very  reactive  ( Bogert ,  Nabenhauer, 
Am.  46,  1932). 

2 -Phenylquinazoline -4 -carboxylic  acid,  m.p.  151°,  the  analogue  of  atophan 

( Bogert ,  Nabenhauer,  Am.  46,  1702). 

Chloroquinazolines  are  prepared  from  oxohydroquinazolines  with  PCI5.  2- 
Chloro-  and  4-chloroquinazoline,  m.p.  108°  and  96°,  from  2(1)-  and  4(3)- 
quinazolone;  2 -chloro -4 -phenylquinazoline,  m.p.  113°,  from  4-phenyl-2(l)- 
quinazolone  ( Gabriel ,  Stelzner,  Ber.  29,  1310);  2,4-dichloroquinazoline,  m.p. 
115°,  from  2,4(l,3)-quinazolinedione  (p.  296). 

For  quinazolines  with  partially  hydrogenated  pyrimidine  rings,  there  are  three 
possible  structures: 


I 
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(I) 


CH=N 

<  1 

XNH— CHR 


(II) 


— NH 

! 

=CR 


yCH2— N 
(III)  C6H4<  II 
XNH— CR 


These  are  the  1,2-,  3,4-,  and  1,4-dihydroquinazolines. 


Dihydro quinazolines,  containing  the  same  atomic  grouping, 

— Nv  .  . 

/CR  as  the  benzimidazoles  (p.  133),  the  anhydro-bases  of 

— NEp 


o-phenylenediamines,  may  be  considered  as  ring-homologues  of  the 
latter,  the  anhydro-bases  of  o-aminobenzylamines  (Vol.  Ill,  p.  263). 
They  are  formed  by  elimination  of  water  from  the  acyl  derivatives  of 
o-aminobenzylamine  and  its  substitution  products  ( Gabriel ,  Jansen , 
Ber.  24,  3096;  Wolff,  Ber.  25,  3037;  Paal,  J.pr.  48,  537;  54,  258; 
Gabriel,  Colman,  Ber.  37,  3644).  They  are  also  synthesized  from 
p-substituted  aromatic  amines,  such  as  p-toluidine,  with  formalde¬ 
hyde;  the  NjN'-diarylmethanediamines  first  formed  are  converted 
by  a  modification  of  the  semidine  rearrangement  to  o-aminobenzyl- 
amines,  which  react  with  the  formic  acid  (from  the  formaldehyde)  to 
give  dihydroquinazolines  ( Maffei ,  Gazz.  58,  261).  The  following 
equation  illustrates  the  ring-synthesis: 


/CH2 — NH  _H,o  /CHo— NH 

C6H4<  I  - — >  C6H4<  I 

xnh2  cor  \n=cr 

The  reaction  follows  the  same  course  if  the  acyl  group  is  on  the  aromatic 
NH2-radical  ( Bischler ,  Ber.  26,  1891;  Widman,  J.pr.  47,  343).  Dihydroquin¬ 
azolines  are  also  formed  by  reduction  of  the  corresponding  o-nitrobenzylamine  de¬ 
rivatives  ( cf .  Paal,  Benker,  Ber.  32,  1251;  Paal,  Hartel,  Ber.  32,  2057). 

The  dihydroquinazolines  are  rather  strong  bases,  forming  stable  salts.  The 
imine  hydrogen  is  readily  replaced  by  alkyl  groups.  When  oxidized,  they  first 
give  quinazolines,  then  quinazolones  (hydroxyquinazolines) .  Distillation  with 
zinc  dust  decomposes  them,  treatment  with  sodium  and  alcohol  reduces  them  to 
tetrahydroquinazolines . 

✓CH2 — NH 

3,4-Dihydroquinazoline,  CeH4<(  |  ,  m.p.  127°,  is  obtained  by  reduc- 

XN - CH 

tion  of  N-formyl -o-nitrobenzylamine,  by  heating  o-aminobenzylamine  with 
formic  acid  ( Gabriel ,  Colman,  Ber.  37,  3645),  and  by  reduction  of  2-  and  4-chloro- 
quinazoline  and  2,4-dichloroquinazoline  (see  above)  with  glacial  acetic  acid  and 
hydriodic  acid  ( Gabriel ,  Colman,  Ber.  38,  3559).  3 -Methyl -3 ,4 -dihydroquin - 

azoline,  m.p.  92°,  b.p.  309°,  from  o-aminobenzylmethylamine  with  formic  acid. 
3-Phenyl-3,4-dihydroquinazoline,  m.p.  95°,  from  o-nitrobenzylformanilide  or 
from  o-aminobenzyl  alcohol  and  formanilide  (Ger.  Pat.  113163,  1899) .  Diethoxy 
derivatives  of  this  compound  are  local  anesthetics  ( Maffei ,  Gazz.  59,  3).  2- 

Methyl-3,4-dihydroquinazoline,  from  N-o-aminobenzylacetamide;  4-phenyl  - 
3,4-dihydroquinazoline,  m.p.  166°,  from  2-chloro-4-phenylquinazoline  by  re¬ 
duction  ( Gabriel ,  Stelzner,  Ber.  29,  1310). 

4-OXO-3,4-DIHYDROQUIN AZOLINES,  0-  or  4(3)-QUINAZO- 
LONES  (4-% dr oxy quinazolines) ,  are  synthesized  from  acyl  deriva¬ 
tives  of  o-aminobenzamide  (this  is  analogous  to  the  formation  of  di¬ 
hydroquinazolines  from  acyl  derivatives  of  o-aminobenzylamines) : 


/CO— NH2  /CO— NH 

C6H4<  or  C6H4<  | 

XNH— COCHa  xNH2  COCHj 


->  o6h/ 
\ 


CO— NH 

I 

n=cch3 
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Similar  products  are  obtained  by  heating  acylanthranils  or  acyl  derivatives  of 
anthranilic  acid  ester  with  NH3  or  primary  amines,  anthranilonitrile  with  fatty 
acid  amides,  and  anthranilic  acid  thiamide  or  anthranilonitrile  with  carboxylic 
acids  or  their  anhydrides  ( Bogert ,  Breneman,  Hand,  Am.  25,  372;  Bogert,  Gortner, 
Amend,  Am.  33,  949;  Heilbron,  Kitchen,  Parkes,  Sutton,  J.  127,  2167)  (Vol.  Ill, 
p.  328) .  Another  type  of  ring-closure  is  illustrated  by  the  synthesis  of  ‘2-benzyl- 
4(3 ) -quinazolones  from  N -ary lphenacetam ides  and  urethans  in  boiling  toluene 
solution  [Aggarwal,  Das,  Ray,  J.IndianChem.Soc.  6,  (1930),  717]: 


CO-OC2H5 
+  xnh2 

/CO  •  CH2  •  Celle 
NH^ 


Besides  these  synthetic  methods,  quinazolones  are  also  prepared  by  oxidation 
of  quinazolines  and  dihydroquinazolines. 


2-OXODIHYDROQUIN  AZOLINES,  2(1)-  or  a-QUINAZO- 
LONES,  are  formed  by  heating  o-aminobenzaldehydes  and  o- 
aminobenzyl  ketones  with  urea  ( Gabriel ,  Stelzner,  Ber.  29,  1300): 


/CIIO  NH2 

c6h4<  +  | 

xnh2  conh2 


CII=N 
C6H<  1 
XNH— CO 


The  quinazolones  have  both  weakly  basic  and  phenolic  properties,  and  there¬ 
fore  may  also  be  considered  as  hydroxyquina*zolines.  With  alkyl  iodides  they 
give  N-alkyl  derivatives  of  the  keto-form;  the  isomeric  alkoxy quinazolines  are 
obtained  from  the  chloroquinazolines  (p.  292)  with  sodium  alcoholates  ( Bogert , 
May,  Am.  31,  507) . 

4(3) -Quinazolone,  Moxo-ZA-ddhydroquinazoline,  m.p.  214°,  from  anthranilic 
acid  with  formamide  and  from  its  carboxylic  acid  (see  below)  ( Knape ,  J.pr.  43, 
215;  v.  Niementowski,  J.pr.  51,  564),  yields  with  methyl  iodide  3 -methyl -4  (3)- 
quinazolone,  CsfRO^-CIR,  m.p.  71°. 

2-Methyl-4(3)  -quinazolone ,  m .p .  232  °,  is  prepared  from  o-acetamidobenzamide 
or  N-o-aminobenzoylacetamide  (see  above) ,  from  anthranilic  acid  and  acetonitrile 
( Bogert ,  Gotthelf,  Am.  22,  129)  and  by  oxidation  of  2-methylquinazoline  ( Bischler , 
Lang,  Ber.  28,  279).  Like  picoline  and  quinaldine,  it  condenses  with  benzalde- 
hyde  to  give  2-styryl -4 (3) -quinazolone  ( Bogert ,  Beal,  Amend,  Am.  32,  1654; 
Heilbron,  Kitchen,  Parkes,  Sutton,  J.  127,  2167).  2-Phenyl-4(3) -quinazolone, 
C8H5(C6H5)N20,  m.p.  236°,  from  phenylquinazoline  by  oxidation,  from  o- 
benzoylaminobenzamide  and  from  anthranilic  acid  ester  by  condensation  with 
benzimidoethyl  ether  (Vol.  Ill,  p.  308,  and  Finger,  Schupp,  J.pr.  74,  154). 
3-Phenyl-4(3) -quinazolone,  m.p.  139°,  by  oxidation  of  3-phenyldihydroquin- 
azoline  ( Paul ,  Krecke,  Ber.  24,  3055)  or  by  condensation  of  anthranilic  acid  and 
formanilide  [Kulisch,  Z.  6sterr.Apoth.-V.  37  (1899),  138]. 

4-Oxo-3,4-dihydroquinazoline-2-carboxylic  acid,  m.p.  230°  (with  evolution 
of  C02)  is  formed  by  rearrangement  of  cyanoxanilic  acid,  CN  -C6H4NH  -COCOOH 
and  by  the  action  of  alcoholic  ammonia  on  ethoxalylanthranil.  Its  nitrile  is 
produced  by  the  reaction  between  cyanogen  and  anthranilic  acid  in  aqueous  solu¬ 
tion  ( Reissert ,  Grube,  Ber.  42,  3713;  Bogert,  Gortner,  Am.  32,  119). 

2(1) -Quinazolone,  a-quinazolone,  is  prepared  from  o -am inobenz aldehyde  and 
urea  and  also  by  the  oxidation  of  2-imino-l,2-dihydro-3,l,4-benzothiazine  (p- 
278)  with  barium  permanganate.  4-Phenyl-2(l) -quinazolone,  m.p.  251°,  from 
o-aminobenzopbenone  and  urea  ( Gabriel ,  Stelzner,  Ber.  29,  1310). 

3(N) -Aminoquinazolones  have  been  obtained  from  o-aminobenzohydrazides 
{Heller,  J.pr.  111,36). 


TETRAHYDROQUIN  AZOLINES  have  been  prepared  by  reduc¬ 
tion  of  quinazolines,  dihydroquinazolines,'  and  thiotetrahydro- 
quinazoknes  (see  below);  they  are  also  formed  by  condensation  of 
o-aminobenzylamines  with  aldehydes  {Busch,  J.pr.  53,  414;  55, 
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356).  They  can  be  decomposed  without  difficulty  to  o-derivatives 
of  benzene. 


/CH2— NH 

1,2,3,4-Tetrahydroquinazoline,  C6H4<f  |  ,  m.p.  79°,  from  o-amino- 

XNH— CH2 

benzylamine  and  formaldehyde  or  from  dihydroquinazoline  by  reduction  with 
sodium  amalgam  ( Gabriel ,  Ber.  36,  811).  3-Phenyltetrahydroquinazoline, 
C6H4(C2H5N -C6H5),  m.p.  119°,  is  obtained  from  o-aminobenzylaniline  and  form¬ 
aldehyde  as  well  as  from  phenyldihydro-  and  phenylthiotetrahydroquinazoline 
(Busch,  Ber.  25,  2858)  and  3-phenyl-4(3)-quinazolone  by  reduction.  2-Phenyl- 
tetrahydroquinazoline,  m.p.  100°  (Wolff,  Ber.  25,  3033).  4-Phenyltetrahydro- 
quinazoline,  see  Gabriel,  Stelzner,  Ber.  29,  1308.  1 ,3-Dibenzoyl -2, 4-dimethyl  - 

tetrahydroquinazoline,  C8H6(CH3)2N2(COC6H5)2,  m.p.  155°  (Bischler,  Howell, 
Ber.  26,  1385). 


2-OXO-  and  2-THIOTETRAHYDROQUIN AZOLINES  corre¬ 
spond  to  the  cyclic  phenyleneureas  and  thioureas  (oxo-  and  thio- 
benzimidazolines,  p.  135)  and,  like  these,  are  obtained  from  o-amino- 
benzylamines  with  C0C12  or  CS2,  or  from  the  urea  derivatives  of  o- 
aminobenzylamines  by  elimination  of  ammonia  or  amine  (Busch,  Ber. 
25,  2856;  Paal,  J.pr.  48,  537): 


/CH2— NHC6H5  /CH2— NC6H5  /CH2— NC6H5 

C6H4<  or  C6H4<  I  —  C6H4<  I 

XNH— CO-NHC6H5  xNH2  CO-NHC6H5  XNH— CO 


/CH2— nhc6h5 
c6h4<  +  cs2 

xnh2 


/CH2— nc6h6 
<  I 

XNH— CS 


2,4(l,3)-QUINAZOLINEDIONES,  dioxotetrahydroquinazolines, 

are  similarly  prepared  from  o-aminobenzamides  with  C0C12,  C1COOR, 
and  the  like,  or  from  urea  derivatives  of  o-aminobenzamide,  or  from 
anthranilic  acids: 


.  /CONH2 

c6h4<  +  C0C12 

xnh2 


/CO— NH 

<  I 

XNH— CO 


2,4(l,3)-Quinazolinedione 


Another  synthesis  of  a  different  type  consists  in  the  reaction  between  phenyl 
isothiocyanate  and  isatinic  acid  (Reissert,  Schaaf,  Ber.  59,  2494) : 

HO  COOII 


/v  /CO-COOH 

/v  n-c6h5 


+ 


V\w 


C:S 


NIL 


^N-CeHe  potion 

NH^‘S  ^XNH' 


N-Celle 

! 

/CO 


Oxo-  and  thiotetrahydroquinazolines  are  neutral  substances.  Their  forma¬ 
tion  from  imino  and  thio  derivatives  of  3,1,4-benzoxazine  by  heating  with  aro¬ 
matic  amines  was  mentioned  on  p.  273.  When  oxidized,  they  yield  quinazoline- 
diones,  which  are  also  produced  by  the  oxidation  of  iminodihydro-3,l,4-benzoxa- 
zines  (Paal,  Vanvolxem,  Ber.  27,  2420).  The  quinazolinediones  have  acidic 
properties;  they  dissolve  only  in  alkalis,  and  with  PC15  they  give  dichloroquin- 
azolines. 

3-Phenyl -3, 4-dihydro-2(l)-quinazolone,  C8H7  ON2 -CeHs,  m.p.  189°  (Laden- 
burg,  Ber.  27,  75).  4-Phenyl-3,4-dihydro-2(l)-quinazolone,  m.p.  193°,  is 
prepared  from  o-aminobenzohydrol  with  urea,  and  also  from  the  corresponding 
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phenylthiotetrahydroquinazoline  ( Gabriel ,  Stelzner,  Ber.  29,  1307;  Hanschke, 
Ber.  32,  2026). 

3,4-Dihydro-2(l)-quinazolinethione,  C8H8SN2,  m.p.  211°.  3-Phenyl-3,4- 

dihydro-2(l)-quinazolinethione,  C8H7SN2-C6lI5,  m.p.  260°  ( Paal ,  Commerell, 
Ber.  27,  2432).  4 -Phenyl -3 ,4 -dihydro -2(1) -quinazolinethione,  m.p.  230°,  from 

o-aminobenzohydrol  and  thiocyanic  acid  ( Gabriel ,  Stelzner,  Ber.  29,  1305). 

2,4(l,3)-Quinazolinedione,  benzoyleneurea  (see  above),  m.p.  over  360°,  sub¬ 
limable,  is  obtained  from  anthranilic  acid  with  potassium  cyanate,  and  from 
pseudoisatoxime  (p.  76)  by  a  Beckmann  rearrangement  (Diels,  Wagner,  Ber. 
45,  882;  Heller,  Ber.  49,  2774).  N-Phenyl-2,4(l,3)-quinazolinedione,  m.p.  272° 
(. Kunckell ,  Ber.  43,  1237).  2-Thio-l,2-dihydro-4(3)-quinazolone,  m.p.  284°, 
from  anthranilic  acid  ester  and  thiocyanic  acid  (Rupe,  Ber.  30,  1098) . 

5,6,7,8-Tetrahydroquinazolines  have  been  prepared  from  2-acetylcyclohexanone 
and  2-oxocyclohexanecarboxylic  acid  ester  and  amidines,  according  to  method  1 
(p.  288)  [Milter,  Bhattacharya,  Quart.  J.  Indian  Chem.  Soc.  4  (1927),  149]. 

PERIMIDINES,  1  -benzo[de]quinazolines,  contain  a  pyrimidine  ring  joining 
the  peri  positions  of  a  naphthalene  ring.  They  correspond  to  the  benzimidazoles 
(p.  131)  and  are  formed  in  an  analogous  way  by  condensation  of  1,8-naphthalene- 
diamine  with  carboxylic  acids  (Sachs,  Ann.  355,  53;  Sachs,  Forster,  Ber.  44, 
1738;  Ger.  Pat.  252772,  1911,  Frdl.  XI,  315;  Ger.  Pat.  255823,  1911,  Frdl.  XI, 
493;  Ger.  Pat.  253239,  1912,  Frdl.  XI,  495,  and  others) : 


Perimidine 


Perimidine  forms  green  crystals,  m.p.  about  220°.  Analogous  compounds 
in  the  anthracene  series  have  been  obtained  from  1  -aminoanthraquinone  by  re¬ 
action  with  urethan,  formamide  and  the  like. 

A  large  number  of  dibenzoquinazolinediones  (anthraquinonepyrimidines)  are 
known  (Ger.  Pats.  185548,  1906,  Frdl.  IX,  730;  220314,  1908,  Frdl.  IX,  742). 
Some  of  the  corresponding  Py-oxo  derivatives  (anthraquinonepyrimidones) 
(Ger.  Pat.  205035,  Frdl.  IX,  740)  are  used  as  dyes,  e.g.,  alizarin  geranol  B  (see 
Fierz-David,  Ktinstliche  organische  Farbstoffe,  p.  626). 

Pyrimidoquinazolines,  benzodipyrimidines ,  have  also  been  prepared;  they  are 
sometimes  called  naphthotetrazines. 

(c)  1,4-Diazines 

517]  HC — N=CH  l/S]3 

II  I 

6L5]  HC— N=CH  M2 

l 

(1)  PYRAZINES  are  1,4-diazines;  their  ring  is  like  that  of  pyrE 
dine,  but  with  the  methine  group  in  the  4-position  replaced  by  N. 

Pyrazines  are  formed:  ( 1 )  From  a-aminoaldehydes  and  a-amino- 
ke tones.  Two  molecules  condense  with  elimination  of  water  to  give 
dihydropyrazines,  which  are  oxidized  even  by  the  air  to  pyrazines 
(c/.  Gabriel,  Ber.  41,  1128): 

C6H5-CO  _2h2o  C6H6.C=N— CH2  o 

2  1  - -►  |  |  - > 

CHo— NH2  CH2— N=C  •  CgH5  - 2  H 

C6H5-C - N=CH 

II  I 

CH — N=C  •  C6H5 


Because  of  their  relation  to  the  a-aminoaldehydes  and  a-eminoketones,  the 
pyrazines  have  also  been  called  aldines  and  ketines. 
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Solutions  in  which  aminoketoncs  have  been  produced  by  reduction  of  iso- 
nitroso -ketones  can  be  used  directly  for  the  preparation  of  pyrazines  by  distilla¬ 
tion  with  HgCl2  (Wolff,  Ber.  26,  1832;  Gabriel,  Pinkus,  Ber.  26,  2207). 

(3)  Amino-ketones  are  formed  as  intermediates  in  the  synthesis  of  pyrazines 
from  a-chloro-  and  a-bromo-keto  derivatives  with  ammonia.  /3-Bromolevulinic 
acid  and  ammonia,  on  elimination  of  water  and  CO2,  yield  tetramethylpyrazine : 


2 


CHrCO 


H02C  •  CH2  •  CHBr 


+  2  NHs 

- > 

-2C02-2H2C) 


CH3C— n=c-cb3 

II  I 

ch3c— n=c-ch3 


(3)  2,3-Pyrazinedicarboxylic  acid  derivatives  have  been  obtained  by  the 
oxidative  decomposition  of  quinoxaline  (p.  301)  and  its  homologues  with  KMn04 
(Gabriel,  Sonn,  Ber.  40,  4850) : 


n=ch 

<  I 
\n=ch 


ho2c-c— n=ch 
ho2cc— n=ch 


Pyrazines  occur  among  the  fermentation  products  of  beet  sugar  juice.  2,5- 
Dimethyl-  and  trimethylpyrazine  have  been  isolated  from  fusel  oil.  Pyrazines 
(pyrazine,  methyl-  and  dimethylpyrazine)  are  also  obtained  by  the  action  of  am¬ 
monia  on  grape  sugar  (Bamberger,  Einhorn,  Ber.  30,  224;  Braudes,  Stoehr,  J.pr. 
54,481). 

The  pyrazines  give  a  neutral  reaction  with  litmus.  They  are  usu¬ 
ally  weak,  monoacid  bases,  forming  easily  dissociated  salts  with  acids. 
Like  pyridine  (p.  201),  they  give  characteristic,  sparingly  soluble  com¬ 
pounds  with  metal  salts,  such  as  HgCl2  and  AuC13.  With  methyl 
iodide  they  give  addition  products. 

The  pyrazines  are  reduced  by  sodium  to  piperazines,  hexahydro- 
pyrazines,  which  are  analogous  to  the  piperidines.  Alkylpyrazines 
are  oxidized  by  potassium  permanganate  to  pyrazinecarboxylic  acids, 
which  are  readily  decarboxylated. 


CH=N — CH 

PYRAZINE  (piazine) ,  I  ||  ,  m.p.  57°,  b.p.  115°  (Tschitschibabin, 

CH=N — CH 

Schtschukina,  Ber.  62,  1075),  sublimes  even  at  room  temperature,  and  has  an  odor 
like  heliotrope.  It  is  prepared  from  aminoacetaldehyde  or  aminoacetal  by  distilla¬ 
tion  with  mercuric  chloride  solution,  from  pyrazinecarboxylic  acids  by  decarboxyl¬ 
ation,  and  from  piperazine  (p.  299)  by  distillation  with  zinc  dust  (Wolff,  Mar¬ 
burg,  Ann.  363,  216).  Gold  salt,  m.p.  245°;  picrate,  m.p.  156°. 

Methylpyrazine,  b.p.  135°,  from  its  carboxylic  acid  (Stoehr,  J.pr.  51,  449), 
is  the  principal  constituent  of  the  bases  obtained  from  grape  sugar  with  ammonia 
(see  above) .  2,3 -Dimethylpyrazine,  from  diacetyl  and  ethylenediamine  and  also 

from  its  dicarboxylic  acid  (see  below)  (Gabriel,  Sonn,  Ber.  40,  4855).  2,5-Di- 
methylpyrazine ,  ketine,  b.p.  153°,  is  prepared  by  reduction  of  isonitrosoacetone ; 
it  is  formed  when  glycerol  is  heated  with  ammonia  salts,  together  with  pyridine 
bases  (p.  198)  and  other  alkylated  pyrazines,  such  as  2-methyl -5, 6-diethylpyra- 
zine,  b.p.  179°  (Stoehr,  Ber.  24,  4105;  J.pr.  47,  439).  2,6 -Dimethylpyrazine, 
m.p.  48°,  b.p.  155°  (Brandes,  Stoehr,  J.pr.  54,  492).  Trimethylpyrazine,  b.p. 
172°,  is  produced  by  heating  the  methyl  bromide  addition  product  of  2,5-di- 
methylpyrazine  (Brandes,  Stoehr,  J.pr.  53,  501).  Tetramethylpyrazine,  m.p. 
86°  (+3H20,  75°),  b.p.  190°,  picrate  m.p.  192°,  from  /3-bromolevulinic  acid 
with  NH3  (see  above),  from  isonitrosolevulinic  acid  (Thai,  Ber.  25,  1723),  or 
from  the  monoxime  of  biacetyl  by  reduction  in  alkaline  solution  (Wallach,  Nachr. 
Ges.  Wiss.  Gottingen  1927,  238). 

Like  picoline,  quinaldine,  and  similar  compounds,  the  methylpyrazines  con¬ 
dense  with  benzaldehyde  or  chloral  with  elimination  of  water,  forming  products 
s#ch  as  (C4H2N2)  [2,5]  (CH:CHC6H6)2  (Franke,  Ber.  38,  3724). 

2,5-Diphenylpyrazine,  m.p.  196°,  is  prepared  from  a-aminoacetophenone  with 
intermediate  formation  of  its  dihydro  derivative  and,  together  with  the  isomeric 


298  SIX-MEMBERED  RINGS  WITH  TWO  HETERO  ATOMS 


2,6-diphenylpyrazine,  m.p.  90°,  from  «-chloro-  or  a!-bromoacetophenone  by 
treatment  with  ammonia  ( Tutin ,  J.  97,  2495) .  2,5-Diphenyl-  and  2,6-diphenyl- 
pyrazine  have  also  been  obtained  from  N-dibenzyldihydro-2,5-  and  2,6-diphenyl¬ 
pyrazine  (see  below)  by  elimination  of  toluene  {Mason,  Winder,  J.  63,  1355). 
2, 5-Diphenyl -3, 6-dimethylpyrazine,  m.p.  126°,  from  a-isonitroso-a-phenylace- 
tone  {Kolb,  Ann.  291,  253)  and  from  its  dihydro  derivative  (see  below)  {Gabriel, 
Ber.  41,  1150).  Tetraphenylpyrazine,  tetraphenylaldine,  m.p.  246°,  is  obtained 
from  the  monooxime  or  dioxime  of  benzil  (Vol.  Ill,  p.  566)  {Feist,  Ber.  27,  213) . 

The  PYRAZINECARBOXYLIC  ACIDS  are  generally  obtained  by  oxidation 
of  alkylpyrazines  with  KMn04.  They  give  yellow,  red,  or  red -violet  colorations 
with  ferrous  sulfate. 

Pyrazinecarboxylic  acid,  m.p.  230°  (dec.).  2,5-Pyrazinedicarboxylic  acid 
(+2  H20),  m.p.  256°  (dec.),  and  pyrazinetetracarboxylic  acid,  m.p.  205°  (dec.), 
are  prepared  from  the  methylated  pyrazines  with  KMn04.  2,3-Pyrazinedicar- 
boxylic  acid,  m.p.  193°  (dec.),  and  5,6-dimethylpyrazine-2,3-dicarboxylic  acid, 
m.p.  200°  (dec.),  are  formed  by  oxidation  of  quinoxaline  (p.  301)  and  dimethyl- 
quinoxaline  {Gabriel,  Sonn,  Ber.  40,  4850).  Pyrazinetricarboxylic  acid,  m.p. 
190°  (dec.),  anhydrous. 

1.4- DIHYDROPYRAZINES  are  obtained  from  a-alkylamino-ketones  RHN- 
CH2COR,  or  from  «-bromo-ketones  with  primary  amines.  When  aniline  is 
used  in  the  latter  synthesis,  the  isomeric  indoles  (p.  61)  are  also  formed. 

CH=CHV 

1.4- Dibenzenesulfonyldihydropyrazine,  C6H5S02N<(  XNSCbCeHe, 

\ch=ch/ 

m.p.  163°,  from  benzenesulfonamidoacetal  {Marckwald,  Ellinger,  Ber.  26,  98). 
Several  dihydropyrazines,  such  as  1, 4-dibenzyl -2, 5-diphenyldihydropyrazine, 
m.p.  163°,  and  1 -benzyl -2, 6 -diphenyl dihydropyrazine,  have  been  obtained  by 
condensation  of  benzylamine  with  a-bromoacetophenone. 

2.5- DIHYDROPYRAZINES  are  the  primary  condensation  products  of  a- 
aminoaldehydes  and  a -amino -ketones  (p.  296) .  When  heated  with  mineral  acids 
they  decompose  to  the  a-aminoaldehydes  or  ketones.  Oxidizing  agents,  even  the 
oxvgen  of  the  air,  convert  them  to  the  corresponding  pyrazines  {Gabriel,  Ber.  41, 
1128). 

xN— CH^ 

2 , 5  -Diphenyl  -3 ,6  -dihydropyrazine ,  C6H5  •  C<(  )>C  •  C6H5,  yellow  flakes, 

\ch2 — w 

m.p.  116°,  from  a-aminoacetophenone.  2,5-Diphenyl-3,6-dimethyl-3,6-di- 
hydropyrazine  (II  below),  m.p.  100°,  from  a-aminopropiophenone  (I),  is  de¬ 
composed  by  hydrolysis  with  hydrochloric  acid  principally  to  the  hydrochloride  of 
tt-amino-a-phenylacetone  (III),  which,  precipitated  from  its  salt  by  alkalis,  con¬ 
denses  to  2,5-diphenyl-3,6-dimethyl-2,5-dihydropyrazine  (IV) : 


(I) 

c6h5-co 

I 

ch3ch-nh2 


(II) 

C6H5  •  C :  N — CH-CH3 

I  I 

CH3  •  CH  •  N :  C  •  C6H6 


(III) 

c6h5-ch-nh2 

CIL-CO 


(IV) 

C6H5  •  CH  •  N :  C  •  CH3 

I  I 

CH3  •  C :  N — CH-C6H5 


These  isomeric  dihydropyrazine  derivatives  give  the  same  diphenyldimethyl- 
pvrazine  when  oxidized  (see  above) . 

2,3-DIHYDROPYRAZINES  are  formed  from  1,2-diketones  with  ethylenedi- 
amine  {Bischoff,  Ber.  22,  346;  Mason,  J.  63,  1284) : 


CH2— nh2  coc6h5 


+ 


CH2— NH2  COCeHs 


CH2 — N=C  •  C6H5 

I  I 

CH2— N=C  •  C6H5 

5,6-Diphenyl-2,3- 

dihydropyrazine 
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CH2— N(C6H6)—  CH 

1,2,4-Triphenyltetrahydropyrazine,  |  ||  ,  m.p.  131°,  from 

CH2— N(C6H5)—  c-c6h5 

N,N '-diphenylethylenediamine  with  a-bromoacetophenone  [ Garzino ,  Atti  accad. 
sci.  Torino,  27  (1892)].  1,2,3-Triphenyltetrahydropyrazine,  from  N-phenyl- 
ethylenediamine  and  benzoin  ( Gabriel ,  Eschenbach,  Ber.  31,  1582). 

3,6-Diphenyl-2(l)-pyrazinone  (I),  m.p.  197°,  is  produced  by  the  action  of 
gaseous  hydrogen  chloride  on  an  ethereal  solution  of  benzaldehyde  cyanohydrin. 
When  distilled  with  zinc  dust,  it  is  reduced  to  2,5-diphenylpyrazine,  l3ut  with  HI 
and  phosphorus  it  gives 2,5-diphenyl-3,4-dihydropyrazine  (II),  m.p.  164°  (Japp, 
Knox ,  J.  87,  701 ;  McCombie,  Parry,  J.  95,  584) . 

/NH — COx  /NH — CH2\ 

(I)  .C6H5-C4  >C-C6H5  C6H5-C<  >C-CoH5  (II) 

^CH - W  ^CH - 


For  2,5-dimethyldihydropyrazine-3,6-dicarboxylic  acid  dianilide,  m.p.  218°, 
from  azo  dyes  (Hansa  yellow) ,  see  Fierz-David,  Ziegler,  Helv.  11,  776. 

PIPERAZINES,  hexahydropyrazines,  have  been  discussed  as  cyclic  dialkylene- 
imines  (Vol.  I,  p.  387).  Besides  the  syntheses  described  there,  piperazines  may 
also  be  prepared  by  reduction  of  pyrazines  with  Na  and  alcohol  (Wolff,  Ber.  26, 
724).  2-Methylpiperazine,  C4H9(CH3)N2,  b.p.  155°;  2,5-dimethylpiperazine 
which  is  also  obtained  from  lactimide,  3, 6 -dimethyl-2, 5-piper azinedione,  by  re¬ 
duction  with  Na  and  alcohol  (Hoyer,  Z. physiol. Chem.  34,  347).  Di-  and  poly- 
alkylpiperazines  exist  in  two  stereoisomeric  forms:  for  di-*,  tri-,  and  tetramethyl- 
piperazine,  see  Stoehr,  J.pr.  55,  49.  1,4-Dinitropiperazine,  N02 -N(CH2CH2)2- 
N  -N02,  m.p.  215°,  is  formed  by  the  action  of  fuming  nitric  acid  on  1,4-dibenzene- 
sulfonylpiperazine  (Sohn,  Rec.  28,  68).  1,4-Dimethylpiperazine,  b.p.  132°  (v. 
Braun,  Kirschbaum,  Ber.  52,  2265). 

1.4- Diphenylpiperazine,  m.p.  163°,  is  synthesized  from  1,2-dibromoethane  and 
aniline  (Bischoff,  Ber.  22,  1777).  1,4-Dibenzylpiperazine,  m.p.  92°,  is  obtained 
from  N-/3-bromoethylbenzylamine  with  KOH  (Gabriel,  Stelzner,  Ber.  29,  2384) . 

2.5- PIPERAZINEDIONES  are  cyclic  double  amides,  which  were  treated  in 

connection  with  the  a-aminocarboxylic  acids  (Vol.  I,  pp.  387,  447).  1,4-Di¬ 

phenyl -2, 5 -piperazine  dione  : 

CH2 — N  (C6H5) — CO 

I  I 

CO — N(C6H5)— ch2 

from  N -phenylgly cine .  For  stereoisomeric  piperazinediones,  see  Tigerstedt,  Ber. 
25,  2919;  Trapesonzjanz,  Ber.  25, 3275;  Fischer,  Raske,  Ber.  39, 3981,  and  others. 

2,3-Piperazinediones  are  prepared  by  condensation  of  oxalic  acid  with  ethylene- 
diamine  derivatives  (Bischoff,  Nastvogel,  Ber.  23,  2028) : 


CH2— nhc6h5  COOH 

1  +  I 

CH2— NHC6H5  COOH 


CH2 — N  (C6H5) — CO 

I  ! 

CH2 — N  (C6H5) — CO 

l,4-Diphenyl-2,3- 

piperazinedione 


This  diphenylpiperazinedione  is  oxidized  by  chromic  acid  to  a  piperazinetetrone. 

NHCOCO 


The  simplest  piperazinetetrone, 


,  was  obtained  by  the  action  of 


io-CO-NH 

sodium  alcoholate  on  oxamic  acid  ester  (de  Mouilpied,  Rule,  J.  95,  549) . 

(2)  QXJINOXALINES,  1,4-Benzodiazines: 

5  N  4 

CH  [«1  3 


CH  [0]  2 


8  N  1 
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Like  the  benzimidazoles,  the  quinoxalines  are  condensation  products 
of  o-diamines.  The  formula  of  quinoxaline  may  be  derived  from  that 
of  quinoline  by  replacement  of  the  4-methine  group  by  nitrogen. 
This  relation  together  with  its  synthesis  from  glyoxal  and  o-phenylene- 
diamine  was  responsible  for  the  name  quinoxaline  ( Hinsberg )  given 
to  this  bicyclic  ring  system.  The  quinoxalines  are  prepared : 

1.  From  o-phenylenediamines  with  glyoxal  and  other  1,2-dioxo 
compounds  or  their  oximes  ( Hinsberg ,  Ann.  237,  327) : 


/NH2  OCH 

c6h4<  +  I 

xNH2  OCH 


—  2H20 
- » 


/N=CH 

\  I 

XN=CH 


Benzil  gives  2,3-diphenylquinoxaline,  dihydroxy  tartaric  acid  gives  2 ,3 -quin - 
oxalinedicarboxylic  acid,  etc.  The  reaction  is  completed  rapidly  and  at  low 
temperatures. 

a-Oxo  carboxylic  acids,  such  as  pyruvic  acid  and  mesoxalic  acid,  yield  quin- 
oxalinols,  while  oxalic  acid  gives  quinoxalinediols  (c/.  Meyer,  Ber.  30,  768) : 


/NH2  OCCII3 
c6h4<  +  I 

xnh2  ocoii 

/NH2  ocoh 
c6h4<  +  I 

xnh2  ocoh 


c6h4. 


/ 


c6h,< 


n=cch3 

/N— CCHj 

or 

C6H4<  | 

N=COH 

XNH— CO 

n=coh 

/NH — CO 

v  1  or 

C6H4<  1 

\n=COH 

XNH— CO 

o-Naphthalenediamines  react  like  o-phenylenediamine,  forming  benzoquinoxalines . 
s-Tetraaminobenzenes  give  pyrazino[g]  quinoxalines,  benzo-fris-p-diazines. 

Quinoxalines  are  prepared  without  difficulty  from  the  readily  obtainable  o- 
amino-azo  compounds  by  treatment  with  aliphatic-aromatic  ketones  (such  as 
acetophenone)  ( Crippa ,  Gazz.  59,  330) : 


N:!N-C6H5  h2;ch 


— N;H2  0:;C-C6H5 


N  :CH 

->  f  \Y  N:C-C6H5 


W 


w 


2.  a-Chloroketones,  a-formyl-alcohols  and  a-oxo  alcohols,  such  as  benzoin, 
furoin,  arabinose,  and  glucose,  condense  with  o-phenylenediamines,  with  elimina¬ 
tion  of  IIoO  and  H2,  to  form  quinoxalines: 


/NH2  C1CH2  /N=CH 

C6H4<  +  I  - >  C6H4<  I  +  H20  +  HC1  +  II2 

xnh2  occh3  xn=cch3 

Monoalkylated  o-phenylenediamines,  however,  give  clihydroquinoxalines,  which 
are  converted  by  oxidation  with  FeCl3  to  azinium  salts  of  the  quinoxalines,  some¬ 
times  called  the  stilbazonium  salts  ( Fischer ,  Ber.  24,  719;  Kehrmann,  Messinger, 
Ber.  24,  1875;  25,  1627): 


C6H5CO-CH(OH)C6H6 
+  NH2-C6H4-NHC6H5 

Benzoin  +  o-Amino- 
dipbenylamine 


C6Hb-C - CH-C6H5  o 

II  I  — 

n-c6h4n-c6h5  HC1 

Triphenyldihj^dro- 

quinoxaline 

c6h5-c - c-c&h5 

II  'll 

N-C6H4-NC1(C6H5) 

Triphenylquinoxalinium 

chloride 
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The  reaction  of  monoalkylated  or  phenylated  o-diamines  on  1,2-diketones  pro¬ 
duces  azinium  salts  directly.  The  bases  corresponding  to  these  salts  are  very 
unstable;  they  rearrange  to  pseudo-bases,  such  as: 

/N=CC6H5 
c6h4<  I 

xN(C6H5)-C(C6H5)(OII) 

from  which  the  azinium  salts  are  regenerated  with  acids  ( Jacobson ,  Fischer,  Ber. 
25,  1010;  Witt,  Helmolt,  Ber.  27,  2355;  Kehrmann,  Natcheff,  Ber.  31,  2425; 
Kehrmann,  Woulfson,  Ber.  32,  1042);  see  also  the  analogous  behavior  of  the 
alkylquinolinium  hydroxides,  p.  230. 

3.  N-o-Nitrophenyl -a -amino -fatty  acids  reduce  to  2-hydroxy-3,4:-dihydro- 
quinoxalines ,  which  are  also  formed  from  o-phenylenediamine  and  a-halogen-fatty 
acids  (c/.  Hinsberg,  Ann.  292,  250) : 


/NH— CH2 
6H4<  | 

xN02  COOH 

o-Nitrophenylglycine 


■» 


C6H4. 


NH— CH2 

I 

N=COH 


1 ,2-Dihydroquinoxalinol-3 


If..  o-Phenylenediamines  condense  with  dicyanogen  to  diaminoquinoxalines , 
which  are  converted  to  quinoxalinediols  by  dilute  hydrochloric  acid  ( Hinsberg , 
Schwants,  Ber.  36,  4040) : 


/NH2  CN  n=CNH2  n=COH 

c6h4<  +  I  - >  C6H4<  I  - >  C6H4<  I 

XNH2  CN  xN=CNH2  \n=COH 

5.  Condensation  of  o-nitrosophenols  with  acetaldehyde  and  ammonia  or  pri¬ 
mary  amines  gives  dihydroquinoxalinols ,  or  dihydroquinoxalones  (Lange,  Ber.  42, 
574;  Ger.  Pats.  196563,  1906;  229127,  1909): 


/NO  CH3 

CioH6<  +  + 

xOH  NH2R  CHO 


CtoH, 


NH— CH2 
NR— CO 


6.  Tetrahydroquinoxalines  are  obtained  by  condensation  of  dihydroxy  benzenes 
with  alkylenediamines : 


/OH  H2N— CH2 

+  I 

xOH  H2N— CHo 


c6h4. 


NH— CH2 

I 

NH— CH2 


Behavior. — The  quinoxalines  are  weak  monoacid  bases  with  an  odor 
like  quinoline  or  piperidine,  soluble  in  alcohol  and  ether,  less  soluble 
in  hot  water  than  in  cold.  With  KMn04  they  are  broken  down  to 
pyrazine-o-carboxylic  acids  (p.  298) ;  when  reduced  they  are  usually 
converted  to  hydroquinoxalines  ( Hinsberg ,  Konig ,  Ber.  27,  2181). 

QUINOXALINE,  m.p.  27°,  b.p.  229°  (Chattaway,  Humphrey,  J.  1929,  645), 
is  prepared  from  o-phenylenediamine  with  glyoxal  bisulfite  in  aqueous  solution  at 
60°;  it  is  soluble  in  water,  alcohol,  and  ether.  Methyl  iodide  addition  product, 
m.p.  175°  (dec.).  6-Methylquinoxaline,  toluquinoxaline ,  CH3C6H3(N2C2H2) , 
b.p.  245°,  similarly  from  o-toluenediamine.  2,3-Dimethylquinoxaline,  m.p.  106°, 
and  2,3,6-trimethylquinoxaline,  m.p.  54°,  b.p.  270°,  from  phenylene-  or  toluene- 
diamine  with  biacetyl.  2-Isopropylquinoxaline,  b.p.  270°,  by  condensation  of  o- 
phenylenediamine  with  7-bromo-a,«-dimethylacetoacetic  ester  and  subsequent 
heating  with  hydrochloric  acid  ( Conrad ,  Hock,  Ber.  32,  1209).  2-Phenyl- 
quinoxaline,  m.p.  78°,  is  formed  by  condensation  of  o-phenylenediamine  with 
isonitrosoacetophenone  and  also  by  decomposition  of  benzo[a]phenazine  (p. 
305)  (Fischer,  Schindler,  Ber.  39,  2238).  2-Phenyl-  and  3-phenylbenzo[/j - 
quinoxaline,  m.p.  153°  and  163°,  are  similarly  obtained  from  isonitrosoaceto¬ 
phenone  and  1,2-naphthalenediamine,  and  also  by  decomposition  of  dibenzo- 
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[a,j]phenazine  and  dibenzo[a,/i]phcnazine  ( Fischer ,  Romer,  Ber.  41,  2350). 

2,3-Diphenylquinoxaline,  m.p.  124°  ( Hinsberg ,  Konig,  Ber.  27,  2181). 

2-Quinoxalinol,  m.p.  265°,  from  its  carboxylic  acid  (see  below).  2,Bz- 
Dimethyl-3-quinoxalinol,  2-methyl-3-hydroxytoluquinoxaline,  CH3C6H3[N2C2- 
(CH3)(OH)],  m.p.  220°,  and  Bz-methyl-2-phenyl-3-quinoxalinol,  CH3C6H3- 
[N2C2(CeH6)(OH)],  m.p.  196°,  are  prepared  from  toluenedi amine  with  pyruvic 
acid  and  phenylglyoxylic  acid ;  they  are  soluble  in  both  acids  and  alkalis,  colorless 
in  the  former,  yellow  in  the  latter. 

2,3-Quinoxalinediol,  phenyleneoxamide ,  m.p.  410°,  from  o-phenylenediamine 
and  oxalic  acid  or  from  2,3-diaminoquinoxaline  with  hydrochloric  acid,  is  con¬ 
verted  by  PC15  to  2,3-dichloroquinoxaline,  m.p.  150°.  When  warmed  with  o- 
phehylenediamine,  the  latter  yields  a  condensation  product  which  gives  yellow 
solutions  with  a  strong  yellow-green  fluorescence,  and  which  is  therefore  called 
fluoflavin;  this  5,ll-dihydroquinoxalo[2,3-&]quinoxaline,  C6H4:  (N4C2H2)  :C6H4 
(I),  m.p.  360°,  oxidizes  to  quinoxalo[2,3-6] quincxaline  (II)  ( Hinsberg ,  Poliak , 
Ber.  29,  784) : 


N=CC1 

<  I 

\n=CC1 


+ 


* 


/N =C — NHX 
C6H4<  I  >c6h4 
\n=C— NH/ 


(I) 


2,3-Diaminoquinoxaline,  m.p.  over  280°,  from  o-phenylenediamine  and  di¬ 
cyanogen  gas  in  methanol  solution  (p.  301),  itself  condenses  with  o-diketones, 
such  as  benzil  and  phenanthrenequinone,  with  pyruvic  acid,  and  with  oxalic  acid, 
forming  polycyclic  nuclei;  with  2,3-dichloroquinoxaline  it  yields  6,13-dihydro- 
pyrazino [2,3-6,  5,6-6'jdiquinoxaline,  fluorubine  ( Hinsberg ,  Schwants ,  Ber.  36, 
4039) : 


N=C— N=CC6H5 

<  I  I 

\n=c— n=cc6hs 


N=C— N=COH 

<  I  I 

\N=C— N=COH 


✓N  =C — NH — C=Nv 
C6H4<  I  I  >c6h4 

\n=C— NH— C=N/ 


2.3- Benzoquinoxalinediol,  naphthaleneoxamide,  CioH6(N2C202H2)  {Meyer, 
Muller,  Ber.  30,  772;  Hinsberg,  Schwants,  Ber.  36,  4044) . 

2.3- Quinoxalinedicarboxylic  acid  (+2H20),  m.p.  190°  (dec.)  (anhydrous), 
from  dihydroxy  tartaric  acid  with  o-phenylenediamine  (Chattaway ,  Humphrey ,  J. 

✓N=C — C(X 

1929,  645),  diethyl  ester  m.p.  83°,  forms  an  anhydride,  CeH4<(  [  NO, 

\n=C— CO/ 

m.p.  251  °.  The  quinoxalinedicarboxamic  acid  obtained  from  the  latter  with  NH3 
can  be  converted  into  2 -aminoquinoxaline  -3  -carboxylic  acid  with  bromine  and 
aqueous  sodium  hydroxide  {Philips,  Ber.  28,  1657).  2-Hydroxyquinoxaline-3- 
carboxylic  acid,  m.p.  265°  (dec.),  from  alloxan  and  o-phenylenediamine,  by 
condensation  and  subsequent  oxidation  of  the  ureide  first  formed  {Hinsberg,  Ann. 
292,248). 

2.3- Quinoxalinediacetic  ester,  C8H4N2(CH2C02C2H5),  m.p.  58°,  from  0- 
phenylenediamine  and  ketipic  acid  ester,  is  condensed  by  sodium  ethylate  to  2- 
oxo-2, 3-dihydro-l-cyclopenta[b]qumoxaline-l-carboxylic  acid  ester  {Thomas-Ma- 
mert,  Striebel,  Bull.  [3]  25,  712). 


N=C  •  CH2  •  C02R  /N=C — CH2\ 

c6h4<  I  - >  c6h4<  1  >co 

\N=C  •  CH2  •  C02R  XN=C — CH— — - — C02R 

HYDROQUINOXALINES.  1,2-Dihydroquinoxalines  are  characterized  by 
intensive  yellow-green  fluorescence.  l,2-Dihydro-2,3-diphenylquinoxaline  (I), 
m.p.  146°,  is  formed  by  reduction  of  diphenylquinoxaline  with  stannous  chloride, 
or  from  benzoin  with  o-phenylenediamine  {Fischer,  Busch,  Ber.  24,  1870;  Hins~ 
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berg,  Konig,  Ber.  27,  2182).  l-Methyl-2,3-diphenyl-l,2-dihydroquinoxaline 

(Kehrmann,  Messinger,  Ber.  25,  1632)  can  be  oxidized  to  1  -methyl-2, 3 -diphenyl- 
quinoxalinium  hydroxide  (II)  (c/.  p.  300). 

N=CC6H5  /N=— =C  •  C6H6 

(I)  C6H4<  I  C6H4<  |  (II) 

XNH— CHC6H5  xN(OH)(CH3):C-C6H5 

1.4- Dihydro-2-methyl-3-isopropylquinoxaline  (III),  colorless  flakes,  m.p. 
124°,  by  condensation  of  o-phenylenediamine  with  mesityl  oxide;  dinitroso  com¬ 
pound,  m.p.  177°  ( Ekeley ,  Ber.  39,  1646). 

/NH — C  •  C3H7  N— CCH3  /NH-CH2 

(III)  C6H4<  II  (IV)  C6H4<  1  (V)  C6H4<  I 

\NH— C-CH3  xN(CH3)— CO  \n=C(OH) 

1.3- Dimethyl-2(l)-quinoxalone  (IV),  m.p.  78°,  b.p.  308°,  is  obtained  by 
condensation  of  methyl -o-phenylenediamine  with  pyruvic  acid  ( Kehrmann , 
Messinger,  Ber.  25,  1630). 

2-Hydroxy -3, 4-dihydroquinoxaline  (V),  m.p.  132°,  from  o-phenylenediamine 
with  monochloroacetic  acid,  is  oxidized  by  chromic  acid  to  quinoxalinediol  (p. 
302)  ( Motylewski ,  Ber.  41,  800).  Dihydrobenzof/jquinoxalinol,  m.p.  246°, 
from  l-nitroso-2-naphthol,  acetaldehyde  and  ammonia  (c/.  p.  301). 

1.2.3.4- Tetrahydroquinoxaline,  m.p.  97°,  b.p.  289°,  is  prepared  from  pyro- 
-catechol  with  ethylenediamine  ( Ris ,  Ber.  21,  378)  or  by  saponification  of  its  1,4- 
dibenzenesulfonyl  derivative,  C6H4(NS02C6H5)2(CH2)2,  the  product  of  the  re¬ 
action  of  1,2-dibromoethane  with  dibenzenesulfonyl-o-phenylenediamine  ( Hins - 
berg,  Simpler,  Ann.  287,  220) . 

2.3- Diphenyltetrahydroquinoxaline  is  obtained  in  two  isomeric  modifications, 
m.p.  105°  and  142°,  by  reduction  of  diphenylquinoxaline  with  Na  and  alcohol 
(Hinsberg,  Konig,  Ber.  27,  2184) .  The  compound  melting  at  105°  is  the  racemic 
form ;  it  can  be  resolved  into  optically  active  antipodes  with  camphorsulfonic  acid 
( Bennett ,  Gibson,  J.  1.23,  1570).  The  dimethyl  compound  has  analogous  stereo¬ 
chemical  properties  ( Gibson ,  J.  1927,  342). 


(3)  PHENAZINES,  dibenzopyrazines.  The  constitution  of 
phenazine  is  similar  to  that  of  anthracene  and  of  acridine : 


H 


H 

Anthracene 


H 

\An/\/ 

Acridine 


S\SN\y\ 

Phenazine 


In  preparation  and  properties  it  is  more  closely  related  to  the 
dibenzo  derivatives  of  1,4-oxazine  and  1,4-thiazine  (pp.  275,  278): 


Dibenzo-l,4-oxazine, 

Phenoxazine 


Dibenzo-l,4-thiazine, 

Phenothiazine 


■Ns 


C0H4/  NCtH 
\INr 


Dibenzo-l,4-diazine, 

Phenazine 


Like  phenoxazine  and  phenothiazine,  phenazine  is  the  parent  sub¬ 
stance  of  a  large  number  of  dyes,  some  of  which  are  technically  im¬ 
portant.  Among  these  are  the  eurhodines,  toluylene  red,  the  indu- 
lines  and  safranine;  some  are  derived  from  phenazine  itself,  some 
from  benzophenazines,  and  some  from  dibenzophenazines.  Several 
dyes  occurring  in  nature  (especially  the  products  of  the  metabolism 
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of  fungi)  have  been  found  to  be  derivatives  of  phenazine  (see  pyo- 
cyanine,  p.  313;  chlororaphine,  p.  309). 

Methods  of  Preparation. — ( 1 )  By  condensation  of  o-diamines 
with  o-dihydroxybenzenes  with  elimination  of  water  and  hydrogen: 

/NH2  HOv  —2  H2O  /Nv 

c6h4<  +  >c6h4  - >  c6h4<  >c6h4 

xNH2  HO/  “h*  xn^ 


(2)  From  o-diamines  with  o-quinones,  such  as  o-quinone,  1,2 -naphthoquinone, 
phenanthrenequinone,  croconic  acid: 


/NH2  OC— CH=CH 

c6h4<  +  I  I 

xnfi2  OC - c6h4 

1,2-Naphthoquinone 


C6H4. 


N =C — CH  =CH 


N=C- 


-c6h4 


Benzo[a]phenazine 


Isatin  and  o-phenylenediamine  give  6-indolo[2,3-b]quinoxaline,  indophenazine 

C6H4 — C=Ns 

(Schunck,  Marchlewski,  Ber.  29,  200) :  [  |  J>CeH4. 

NH — C=NX 

However,  azinium -bases  result  from  the  condensation  of  monosubstituted  0- 
diamines  with  o-quinones  (cf.  quinoxalines,  p.  300) : 


/NH2  CO— c6h4 
C10H<  +  |  | 

xnhc6h6  CO— c6h4 


N=C— C6H4 
->  C10He<  I  I 

\n=C— C6H4 

/X 

H6Ce  OH 

Phenyltribenzo[a,c,A]phenazinium 

hydroxide 


The  same  type  of  azinium  compounds  are  formed  from  the  azines  with  alkyl 
iodides  and  by  deamination  of  induline  and  safranine  bases  (p.  310). 

(3)  Benzophenazines  are  obtained  by  oxidation  of  a  mixture  of  an  o-diamine 
with  1-naphthol: 


/NH2 

C6H4<  +  CioH7OH 

xnh2 


A 

c6h4<  >c,«h, 


(4)  Benzophenazines  and  dibenzophenazines  are  formed  by  fusion  of  0- 
aminoazo  compounds  with  2-naphthol  ( Ullmann ,  Ankersmit,  Ber.  38,  1811) : 


C7H 


N :  N  •  C7H7 
NH2 


+ 


H- 

HO 


CioH6 


-H2O 
- > 

-C7H7NH2 


c7h 


■N, 

>C10H« 

W 


(5)  When  heated  with  dry  KOH,  aromatic  nitro  derivatives  and  aromatic 
primary  amines  yield  either  phenazine  oxides  or  phenazines,  according  to  the 
temperature .  This  synthesis  depends  on  the  rearrangement  of  the  nitro  compound 
to  a  nitrosophenol  under  the  influence  of  the  alkali ;  the  nitrosophenol  then  reacts 
with  the  amine  ( Wohl ,  Aue,  Ber.  34,  2442) : 


,N02  H> 

C6H4<  +  >C6H4 

'H  H2N' 


/NOHk 

c6h4x  >c6h4 

NH^ 


Ns 


*  C6b/  %CAh 


XN 


(6)  Phenazine  oxides  are  produced  by  the  action  of  concentrated  H2S04 
on  para-substituted  nitrosobenzenes  (when  the  para-position  is  unsubstituted, 
p-nitrosodiphenylhydroxylamines  are  formed:  Bamberger,  Ham,  Ann.  382,  82; 
van  Duin,  Rec.  38,  89) : 


2C1C6H4N0 


/N(OH)s 

ClCeH/  xC6H3C1 

ON"^ 


->  C1C6H3(N20)C6H3C1 
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(7)  Azines  are  prepared  by  fission  of  o-anilino-  (toluido-,  etc.)  azo  compounds. 
o-Anilinonaphthylazobenzenesulfonic  acid,  obtained  by  coupling  naphthyl  - 
phenylamine  with  diazobenzenesulfonic  acid,  decomposes  when  boiled  with  dilute 
acids  into  benzophenazine  and  sulfanilic  acid : 


N:NC6H4-S03H 

nhc6h6 


/N\ 

<  >C6H4  +  H2N  •  C6H4  •  S03H 


Behavior. — The  phenazines  are  yellowish,  weakly  basic  substances,  which 
distill  undecomposed.  They  are  precipitated  from  their  solutions  in  concentrated 
acids  by  addition  of  water.  With  alkyl  iodides  they  form  azinium  iodides  (c/. 
p.  309).  Phenazines  are  converted  by  reduction  to  colorless,  unstable  dihydro 

/NH\ 

derivatives,  such  as  dihydrophenazine,  CeH4<(  >C6H4,  which  are  readily 

xnh/ 


oxidized  back  to  the  phenazines;  highly  colored  compounds  of  the  quinhydrone 
type  are  formed  as  intermediate  products. 

PHENAZINE,  m.p.  171°,  bright  yellow  needles,  was  first  prepared:  ( 1 )  by 
distillation  of  calcium  azobenzoate,  and  was  mistaken  for  benzo[c]cinnoline, 
azodiphenylene  (c/.  p.  287),  with  which  it  is  isomeric;  (2)  also  from  o-phenylene- 
diamine  and  pyrocatechol  or  o-quinone  ( Kehrmann ,  Mermod,  Helv.  10,  62)  (see 
above);  ( 3 )  from  aminophenazine  (p.  308)  by  deamination;  (4)  from  aniline 
vapor  by  passage  through  an  incandescent  tube;  (6)  from  formazylcarboxylic 
acid  ester  (I)  by  digestion  with  concentrated  acids  ( Bamberger ,  Wheelwright , 
Ber.  25,  3205);  ( 6 )  from  aminodiphenylamine  (II)  by  oxidation,  together  with 


(I) 


ro2c-c 


^n-nhc6h6 

\N:NC6H5 


C6H4' 


NHC6H5 

NH2 


(II) 


several  other  products  ( Fischer ,  Heiler,  Ber.  26,  383) ;  and  (7)  from  nitrobenzene, 
aniline,  and  KOH,  a  reaction  which  can  also  produce  phenazine  oxide,  C6H4- 
(N20)CeH4,  m.p.  266°,  which  is  reduced  quantitatively  to  phenazine  by  stan¬ 
nous  chloride  ( Wohl ,  Aue,  Ber.  34,  2446).  In  the  laboratory  it  is  best  prepared 
by  distillation  of  a  mixture  of  2-aminodiphenylamine  with  2-nitrodiphenylamine 
and  anhydrous  sodium  acetate  ( Kehrmann ,  Havas,  Ber.  46,  342),  or  by  reduction 
of  2,2'-dinitrodiphenylamine  with  stannous  chloride  and  hydrochloric  acid  in 
glacial  acetic  acid  solution  ( Eckert ,  Steiner,  Mo.  35,  1153).  Picrate,  m.p.  181°. 
Phenazine  is  reduced  by  ammonium  sulfide  to  dihydrophenazine,  m.p.  212° 
{ Kehrmann ,  Havas,  Ber.  46,  350;  Scholl,  Mo.  39,  238) ;  for  the  reduction  in  acid 
solution,  see  Hinsberg,  Garfunkel,  Ann.  292,  260. 

1-Methylphenazine,  m.p.  108°  ( McCombie ,  Scarborough,  Waters,  J.  1928,  353). 
2-Methylphenazine,  m.p.  117°  ( Kehrmann ,  Mermod,  Helv.  10,  62). 

2,6-Dimethylphenazine,  m.p.  162°,  is  prepared  by  reduction  of  the  dimethyl- 
phenazine  oxide,  m.p.  205°,  which  is  obtained  from  p-nitrosotoluene  by  method  6 
(see  above) . 

Toluphenazine ,  m.p.  117°,  from  o-toluenediamine  and  pyrocatechol,  or  from 
o-aminophenyltolylamine  with  lead  oxide  ( Fischer ,  Ber.  29,  1873).  Benzo[a]- 
phenazine,  a,^-naphthophenazine,  m.p.  142°  ( Kehrmann ,  Mermod,  Helv.  10, 
62),  is  formed  by  the  general  methods  (p.  304)  and  also  from  naphthylphenyl- 
nitrosamine : 


NO 

C10H7x  I  /CeHs 
uNr 


as  acridine  is  obtained  from  formyldiphenylamine  (c/.  p.  257).  It  can  be  de¬ 
composed  by  oxidation  to  phenylquinoxaline  (p.  301)  ( Fischer ,  Schmdler,  Ber. 
39,  2238).  Dibenzo[ a ,j] phenazine,  s-ot.,$-naphihazine,  m.p.  243°,  from  2,2'- 
dinaphthylnitrosamine  ( Fischer ,  Junk,  Ber.  26,  185)  or  from  benzeneazo-2- 
naphthylamine  by  fusion  with  2-naphthol  ( Ullmann ,  Ankersmit,  Ber.  38,  1816). 
Dibenzo [ a, h] phenazine,  as-a,^-naphthazine,  m.p.  283°  ( loc .  cit.),  was  first 
prepared  from  nitronaphthalene  by  heating  to  redness  with  lime  (“naphthase,” 
Laurent,  1840),  and  was  therefore  for  a  long  time  thought  to  be  azonaphthalene. 
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It  is  also  formed  from  1,2-naphthalenediamine  with  1,2 -naphthoquinone;  it  is 
best  prepared  by  condensation  of  nitroso-2-naphthylamine  with  1-naphthylamine 
( Fischer ,  Albert,  Ber.  29,  2086)  or  by  fusion  of  2 -naphthyl amine  with  caustic  al¬ 
kalis,  with  or  without  the  addition  of  oxidizing  agents  (Ger.  Pat.  165226,  1904). 
By  oxidative  decomposition  dibenzo[a,j]phenazine  is  converted  to  2-phenylbenzo- 
[/jquinoxaline,  and  dibenzo[a,/i]phenazine,  to  3-phenylbenzo[/]quinoxaline 
(p.  301)  ( Fischer ,  Schindler,  Ber.  41, 390) .  Dibenzo[a,c]phenazine,  phenanthro- 
phenazine,  Ci4H8:  N2:  C6H4,  m.p.  217°,  from  phenanthrenequinone  and  o-phen- 
ylenediamine.  Acenaphtho[l,2-6]quinoxaline,  acenaphthophenazine ,  Ci2H6:- 

N2:CeH4,  m.p.  234°,  from  acenaphthenequinone  and  o-phenylenedi amine  [4m- 
pola,  Recchi,  Atti  accad.  Lincei  [5]  8  (1899),  209]. 

/N\ 

Anthrazine,  dinaphtho[2,3-a;  2', 3 '-li]phenazine,  Ci4Hs<  >Ci4H8,  brown- 

Nn/ 

red  needles,  m.p.  about  390°,  sublimable,  is  formed  by  the  fusion  of  2-anthramine 
with  caustic  alkalis  (Ger.  Pat.  172684,  1905) ;  it  is  also  obtained  from  indanthrene 
by  distillation  with  zinc  dust. 

INDANTHRENE,  dihydroanthraquinoneazine,  6,15  -dihydrodinap  htho  [2,3-a; 
2', 3 '-h]phenazine-5, 18, 9, l4:-tetrone,  was  technically  prepared  in  the  year  1901 
by  R.  Bohn  (Ber  .  36,  1258) .  The  clarification  of  its  structure  is  due  mostly  to  the 
work  of  R.  Scholl  (Ber.  36,  3410,  3427) .  The  first  indanthrene  dyes  were  charac¬ 
terized  by  a  high  degree  of  light  -  and  washf  astness .  Today  the  term  *  ‘  indanthrene” 
in  technical  vat  dyestuff  names  indicates  that  the  dye  possesses  these  same  proper¬ 
ties,  although  the  dyes  so  named  are  not  necessarily  derivatives  of  indanthrene. 
Indanthrene  is  prepared  by  fusion  of  2-aminoanthraquinone  with  KOH  at  205°: 

CO  CO 


NH2 

CO  - > 


2-Aminoanthraquinone  Indanthrene 

The  following  syntheses  of  indanthrene  are  of  no  technical  importance,  but 
are  of  value  in  determining  its  constitution:  (1)  by  condensation  of  1, 2-amino¬ 
anthraquinone  with  1,2-anthracenedione,  followed  by  oxidation  and  reduction 
(Ger.  Pat.  170562,  1904);  ( 2 )  from  1-aminoanthraquinone  by  heating  with 

dilute  acids  under  pressure  (Ger.  Pat.  186636,  1906) ;  ( 3 )  by  condensation  of  1- 
amino-2-bromo(chloro-)anthraquinone  with  itself  (Ger.  Pat.  158287,  1903). 
Indanthrene  is  an  indigo-blue  powder,  very  sparingly  soluble  in  all  organic  solvents 
(solubility  in  quinoline,  1:500;  in  nitrobenzene,  1:5000);  it  crystallizes  from 
quinoline  in  coppery  needles.  When  heated  with  benzoyl  chloride  it  forms  a  di- 
benzoyl  derivative,  red  needles  ( Scholl ,  Edlbacher,  Ber.  44,  1732). 

Indanthrene  is  oxidized  by  chromic  acid  or  nitric  acid  to  the  yellow-green 
anthraquinoneazine,  anthrazinetetrone,  Ci4H602(N2)Ci4H602,  which  can  be  re¬ 
duced  very  readily  to  the  dihydroazine.  This  stability  of  indanthrene,  in  contrast 
to  the  instability  of  other  dihydrophenazines  (p.  305),  is  analogous  to  the  sta¬ 
bility  of  fluorubine  (p.  302),  etc.  By  very  energetic  oxidation  with  chromic  acid 
(40  hours’  digestion),  indanthrene  is  converted  to  2,3-dihydroxynaphtho[2,3-/] - 
quinoxaline-7,12-dione : 


/COv  /N=C(OH) 

<  >C6H2<  | 

XCCK  xN=C(OH) 


( Scholl ,  Edlbacher,  Ber.  44,  1727) .  The  very  unusual  stability  of  indanthrene  to 
oxidizing  agents  is  due  to  the  presence  of  negative  radicals  (the  four  carbonyl 
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groups),  an  effect  which  has  many  counterparts  ( Scholl ,  Ber.  36,  3422).  The 
deep  color  of  indanthrene  is  caused  by  interaction  of  the  two  quinone  chromophore 
groups  with  the  two  NH-groups,  which  intensify  the  color;  the  latter  factor  is 
missing  in  the  brightly  colored  anthraquinoneazines. 

When  reduced  with  hydrosulfite  or  zinc  dust,  indanthrene  adds  either  2  (blue 
vat)  or  4  (brown  vat)  H-atoms,  forming  alkali -soluble  products  having  a  liydro- 
quinone-like  structure  ;  these  regenerate  the  insoluble  dyestuff  when  exposed  to 
the  air.  The  vat  dyeing  with  indanthrene  is  based  on  these  reactions  ( Scholl , 
Ber.  36,  3410;  Scholl,  Steinkopf,  Kabacznik,  Ber.  40,  390) . 

A  number  of  halogenated  indanthrenes  are  technically  important  as  dyes. 
They  are  oxidized  to  the  corresponding  azines  with  greater  difficulty  than  in  the 
case  of  indanthrene  ( cf .  Bohn,  Ber.  43,  1000). 

A  heterocyclic  compound  closely  related  to  indanthrene  in  properties  and 
preparation  is  the  yellow  dye  flavanthrene,  5,13-diazapyranthrene-8,16-dione 
(see  formula  below).  Although  it  is  not  a  1,4-diazine,  flavanthrene  will  be  de¬ 
scribed  here  because  of  its  similarity  to  indanthrene.  Like  indanthrene,  it  is 
formed  by  alkaline  fusion  of  2-aminoanthraquinone,  but  at  higher  temperatures 
(350  °) ;  a  better  method  is  digestion  with  antimony  pentachloride  in  nitrobenzene 
solution.  Its  constitution  is  evident  from  its  synthesis  from  2,2  '-dimethyl-1,1 
dianthraquinoyl  (Vol.  Ill,  p.  667).  It  can  be  oxidized  to  the  corresponding 
dianthraquinonyldicarboxylic  acid,  whose  diamide  is  converted  by  bromine  and 
alkali  to  2, 2' -diamino -1,1 '-dianthraquinoyl;  the  latter  condenses  spontaneously 
with  loss  of  2  H20  to  flavanthrene  ( Scholl ,  Ber.  40,  1691;  cf.  Benesch,  Ber.  32, 
447).  For  other  syntheses  of  flavanthrene,  see  Scholl,  Dischendorfer,  Ber.  51, 
452). 


CO  CO  CO 


2-Aminoanthraquinone  Flavanthrene  2,2'-Diamino-l,l'- 

dianthraquinoyl 

Flavanthrene  is  a  yellow,  very  sparingly  soluble  powder,  which  crystallizes 
from  quinoline  in  shiny  brown-yellow  needles.  With  alkaline  hydrosulfite  solu¬ 
tion  it  gives  a  dark  blue  vat,  from  which  cotton  is  dyed  a  very  fast  yellow  by 
oxidation  of  the  original  blue  shades  in  the  air.  When  reduced  energetically  with 
HI  and  phosphorus,  or  when  heated  with  zinc  dust,  flavanthrene  is  converted  to 
flavanthrine,  5, 13 -dihydro -5, 13 -diazapyranthrene ,  C28Hi6N2,  brown  needles,  m.p. 
390°  ( Scholl ,  Ber.  41,  2304;  Scholl,  Neovius,  Ber.  41, 2534). 

5,10-Diaryldihydrophenazines  are  obtained  by  the  action  of  acids  on  diaryl- 
hydroxylamines : 


C6H4CH3 

2  H20  /N\ 

- »  ch3c6h3<  >c«h3ch3 

\n/ 

I 

c6h4ch3 

Diarylhydroxylamines  occur  as  intermediate  products  in  the  formation  of 
diaryldihydrophenazines  from  tetraarylhydrazines  and  tetraaryltetrazones  with 
concentrated  acids  ( Wieland ,  Ber.  41,  3478,  3498;  Wieland,  Roseeu,  Ber.  45, 
496) . 

5,10-Diphenyldihydrophenazine,  colorless  needles,  m.p.  172-175°,  is  formed 
together  with  diphenylamine  when  tetraphenylhydrazine  is  boiled  in  toluene  solu- 


C6H4CH3 

I 

/NOH  Hx 

ch3c6h3<  >c6h3ch3 

XH  HON/ 

c6h4ch3 
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tion;  a  primary  fission  of  the  tetraphenylhydrazine  between  the  two  N-atoms 
must  be  assumed,  as  in  the  spontaneous  dissociation  of  hexaphenylethane  into.tri- 
phenylmethyl  (Wieland,  Ann.  381,  202): 

/N(C6H5)v 

2  (C6H5)2N — N  (C6H5)2  - >  C0H4<  >C6H4  +  2  (C6H8)2NH 

xN(C6H6)/ 

The  colorless  solution  of  diphenyldihydrophenazine  in  concentrated  H2S04 
turns  a  deep  dark  blue  on  the  addition  of  oxidizing  agents. 

Octahydrophenazine,  picrate  m.p.  168°  ( Godchot ,  C.r.  180,  444). 


Dyes  are  formed  by  the  introduction  of  the  auxochromic  groups  OH 
or  NH2  into  the  chromophoric  phenazine.  These  amino-  and  hy¬ 
droxy  phenazines  (eurhodines  and  eurhodols)  may  exist  in  either  the 
normal  form  or  a  para-quinoid  form  {Kehrmann,  Ann.  290,  260),  e.g. : 


Eurhodine: 


C6H4- 


■Nv 

>c6h3-nh2 

W 


or 


C6H4<  yC6H3 :  NH 

xnh/ 


Rurhodol: 


Derivatives  of  these  compounds  phenylated  on  the  ring  nitrogen,  the  safranines 
and  indulines,  are  more  valuable  as  dyes  than  the  simpler  derivatives.  They  are 
discussed  as  azinium  compounds  on  pp.  309  ff. 

AMINOPHENAZINES.  ( 1 )  Monoaminophenazines,  eurhodines ,  are  pre¬ 
pared  :  ( a )  Like  the  parent  compounds,  from  aminated  o-diamines  with  quinones : 


NH2C6H3- 


nh2 

nh2 


Triaminobenzene 


+ 


OC— CH=CH 

I  I 
oc - c6h4 

1,2-Naphtho¬ 

quinone 


->  NH2C6H3. 


N =C — CH =CH 


N=C- 


-c6h4 


Aminobenzo[o]phenazine 


(6)  By  the  action  of  aromatic  monoamines  on  o-aminoazo  compounds: 


/N :  N  C7H7 

.  c7H6^  +  c10h7nh2 

xNH2 


<  >c10h5nh2  +  c7h7nh2  +  h2 


(c)  By  condensation  of  X-dichloroquinonimines  or  p-nitrosodimethylaniline 
with  monoamines  in  which  the  p -position  is  occupied  (if  it  is  free,  indamines  are 
formed) : 


/NO  Hv  /Nv 

(CH!)jNC6H3<  +  >C,oH(  - »  (CHj)2NC6H3<  >C,0H, 

-II  h,\t/ 

The  eurhodines  are  weak  bases;  their  salts  are  scarlet.  When  diluted,  the  red 
solutions  in  concentrated  H2S04  turn  black,  green,  and  finally  red,  a  phenomenon 
caused  by  the  gradual  dissociation  of  salts  stable  only  in  the  presence  of  concen¬ 
trated  acids.  The  solutions  in  ether  have  a  yellow -green  fluorescence.  When 
heated  with  acids  the  aminophenazines  are  converted  to  phenazinols,  eurhodols 
(see  below) . 

1-Aminophenazine,  m.p.  172°,  red  flakes  ( Kehrmann ,  Prunier,  Helv.  7,  984). 
2-Aminophenazine,  m.p.  290°,  red  needles,  has  been  prepared  from  diamino- 
phenazine  by  heating  with  zinc  dust,  from  diaminodiphenylamine,  NH2[2]CeH4- 
NHC6H4[3]NH2,  by  oxidation  ( Fischer ,  Ber.  29,  1874),  and  from  o-nitraniline  by 
condensation  with  aniline  in  the  presence  of  zinc  chloride  ( Wohl ,  Lange,  Ber.  43, 
2186). 

Aminobenzophenazine,  Ci0H6N2C6H3NH2,  m.p.  267°,  from  chrysoidine  and  2- 
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naphthol  or  from  2-naphthylamine  and  V,V-dichloroquinonimine  (Wedekind, 
Ber.  38,  1844). 

(2)  Unsymmetrical  diaminophenazines  are  obtained  by  oxidation  of  o-di- 
amines  (together  with  aminophenazinols :  Ullmann,  Mauthner,  Ber.  36,  4026): 


'NH2  /NH2 

c6h4<:  +  c6h4< 

'NH2  xnh2 


o 


/Nv  /NH2 

->  c6h4<  >c6ti,< 

xNH2 

2,3-Diaminophenazine 


When  dialkylated  o-diamines  are  oxidized,  p-quinoid  azonium  salts  are  formed 
(Fischer,  Ber.  37,  552) : 

/NHCH3  2  0  /N(CH3\  ] 

2C.H,<  - »  C,H,< 


xNHCH3  HC1 


<nch3 
^nhch3 


'N(CH3)C1 

(3)  Symmetrical  diaminophenazines,  toluylene  red  group,  s -Diamino¬ 
phenazines  are  prepared  by  oxidation  of  aminated  indamines: 


,NH2 

NH:C6H34  /C6H4NH2 


O 


/Nv 

NH2C6H3<  >C6Ii3NH2 

s- Diaminophenazine 

v 

In  place  of  the  indamines,  a  mixture  of  a  p-diamine  with  a  m-diamine  can  be 
oxidized;  the  same  products  are  obtained  when  N-chloroquinonimines  are  re¬ 
acted  with  m -diamines.  Toluylene  red,  dimethyldiaminotoluphenazine,  NH2- 
C7H5N2C6H3N(CH3)2,  is  formed  by  the  oxidation  of  p-aminodimethylaniline  with 
?n-toluylenediamine,  with  intermediate  formation  of  toluylene  blue  (Vol.  Ill,  p. 
248).  Toluylene  red,  orange-red  needles,  dyes  silk  and  mordanted  cotton 
scarlet;  it  is  marketed  under  the  name  neutral  red.  The  monoacid  salts  are  red; 
the  di-  and  triacid  salts,  stable  only  in  the  presence  of  concentrated  acids,  are 
blue  to  green.  When  deaminated  it  gives  dimethylaminotoluphenazine. 

PHENAZINECARBOXYLIC  ACIDS.  1-Phenazinecarboxylic  acid,  m.p.  239°, 
has  been  synthesized  by  application  of  method  5  (p.  304)  to  anthranilic  acid 
(Kogl,  Postowsky,  Ann.  480,  293).  The  amide,  m.p.  241°,  is  identical  with  the 
hydroxychlororaphine  obtained  from  the  fungoid  dye  chlororaphine  by  treatment 
with  oxygen  (Kogl,  Postowsky,  Ann.  480,  280). 

PHENAZINOLS,  eurhodols,  are  prepared:  ( 1 )  from  the  aminophenazines  by 
heating  with  concentrated  hydrochloric  acid  at  180°;  (2)  synthetically,  by  con¬ 
densation  of  o-diamines  with  hydroxylated  o-quinones  (Kehrmann,  Stanoytvitch, 
Helv.  8,  661).  The  phenazinols  resemble  the  aminophenazines  in  color  and 
fluorescence. 

1-Phenazinol  (hemipyocyanine) ,  m.p.  158°,  is  obtained  through  its  methyl 
ether,  m.p.  168°,  formed  by  the  condensation  of  o-phenylcnediamine  with  the 
monomethyl  ether  of  pyrogallol  (Wrede,  Strack,  Ber.  62,  2051;  Z. physiol. Chem. 
177,  185).  It  is  also  produced  by  the  cleavage  of  pyocyanine  (p.  313)  by  alkali 
in  the  presence  of  air  (Wrede,  Strack,  Z. physiol. Chem.  181,  60).  a-Benzophen- 
azinol,  HOCioH6N2C6H4,  prepared  from  aminobenzophenazine  or  by  condensa¬ 
tion  of  hydroxy-1, 2-naphthaquinone  with  o-phenylenediamine,  forms  two  iso¬ 
meric  methyl  ethers,  an  oxygen  ether  and  a  nitrogen  ether,  which  correspond  to 
the  two  forms  given  above  for  eurbodol  (p.  308)  (Kehrmann,  Messinger,  Ber. 
24,  2167). 

Di-  and  polyhydroxyphenazines  are  obtained  by  methods  similar  to  those  used 
for  the  monohydroxy  derivative.  Condensation  of  o-phenylenediamine  with  di- 
hydroxydihydronaphthalenedione  yields  benzophenazine  oxide,  (C6H4N2CioH6)0, 
a  compound  of  the  ethylene  oxide  type,  which  is  rearranged  by  hydrochloric  acid 
to  a-benzophenazinol,  C6H4N2CioH6OH,  m.p.  198°  (Zincke,  Ber.  26,  617 ;  Zincke, 
Wiegand,  Ann.  286,  61). 

HALOGENO  PHENAZINES  are  prepared  from  the  corresponding  phenazinols 
with  phosphorus  halides.  The  3-chloro-  and  3,6-dichlorophenazinium  chlorides 
from  indone  chloride  (p.  313)  and  safraninone  chloride  (p.  315)  have  been  in¬ 
vestigated  in  detail. 

AZINIUM  COMPOUNDS.  These  compounds  are  important  because  they 
are  the  parent  compounds  of  the  induline  and  safranine  dyes,  from  which  they  are 
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obtained  by  diazotization  in  strongly  acid  solution  and  to  which  they  are  usually 
converted  by  treatment  with  ammonia  or  alkalis.  The  ease  with  which  the 
azinium  compounds  are  substituted,  by  other  radicals,  such  as  the  desoxybenzoin 
residue  (Sachs,  Ber.  31,  3073),  as  well  as  by  OH-,  NH2-,  and  amine  groups,  is  also 
characteristic  of  the  azoxonium  and  azothionium  compounds  (pp.  275,  279) ; 
it  is  found  to  some  degree  in  all  quinones.  In  view  of  this,  certain  regularities 
in  the  substitution  of  asymmetric  azinium  compounds  are  more  satisfactorily 
explained  by  ortho -quinoid  formulas  (Kehrmann,  Ber.  33,  395)  such  as  the 
following : 

N - v  /N - -v 

CioH6<  >C6H,  C„Hs<f  >C«H, 

^N(OH)(C,H,K  ^N(OH)(C,H5K 

For  the  synthesis  of  phenazinium  compounds,  see  p.  304.  The  phenazinium 
salts  are  generally  isolated  by  means  of  their  ferric  chloride  double  salts.  Ethyl  - 
phenazinium  iodide,  CeH^^CaHs-ECe^  and  methylbenzophenazinium  iodide, 
C10H6(N2CH3-I)C6H4,  are  formed  from  the  corresponding  azines  with  alkyl  iodides 
(Fischer,  Hepp,  Ber.  30,  391).  Phenylphenazinium  chloride,  from  aposafranine 
chloride  by  deamination,  ferric  chloride  double  salt,  Ce^t^CeHs- Cl)  CeH4 -FeCls, 
m.p.  186°,  is  reduced  by  stannous  chloride  to  5-phenyl-5,10-dihydrophenazine : 


/N(C6H6)x 

c6h4<  ">c6h4 

'NH/ 


m.p.  143°,  the  true  analogue  of  phenoxazine  and  phenothiazine  (Kehrmann,  Ann. 
322,  69).  Phenylbenzophenazinium  chloride,  CioH6(N2C6H5-C1)C6H4,  from 
rosinduline  and  isorosinduline  (p.  312).  An  isomeric  phenylbenzophenazinium 
chloride  has  been  obtained  from  -rosinduline,  and  also  by  condensation  of  1,2- 
naphthoquinone  and  phenylphenylenediamine  (Kehrmann,  Ber.  29,  2316; 
Kehrmann,  Schaposchnikoff,  Ber.  29,  2967;  Kehrmann,  Helwig,  Ber.  30,  2629). 
Phenyldibenzophenazinium  chloride,  CioH6(N2C6H5 -C^CioHe,  from  naphthin- 
duline  (Kehrmann,  Sutherst,  Ber.  32,  939).  Phenyldibenzo [ a, c] phenazinium 
chloride,  flavinduline,  Ci4H8(N2C6H5C1)C6H4,  from  phenanthrenequinone  and  o- 
aminodiphenylamine  [Hinsberg,  Garfunkel,  Ann.  292,  266;  Ger.  Pat.  97639, 
1897;  Kikina,  J.Russ.Phys.Chem.Soc.  32  (1900),  1701.  For  the  products  of 
the  reaction  of  flavinduline  with  organomagnesium  compounds,  see  Freund, 
Richard,  Ber.  42,  1104.  Phenylacenaphtho [  1,2-6] phenazinium  nitrate,  Ci2H6- 
(N2C6H5N03)C6H4,  from  acenaphthenequinone  and  o-aminodiphenylamine  (Ull- 
mann,  Cassirer,  Ber.  43,  441). 


Aposafranines,  Aposafranones,  Safranines,  Safranones,  Indulines* 


These  important  groups  of  dyes,  which  have  been  known  for  a  long  time 
(Caro,  Dale,  1865;  Griess,  Martius,  1866),  are  amino  and  hydroxy  derivatives  of 
N  -phenylphenazinium  salts : 


10 

>Nv 


Y\ 
Vv  ^  * 


;.\T 


Cl 


4 

c6h5 


5-Phenylphenazinium 

chloride 


H. 


/yN\,/\ 

nV>n< 

Cl  c6h5 


3-Amino-5-phenylphen- 
azinium  chloride.  Apo¬ 
safranine  chloride 


>N 


h2n 


V\nA/ 

/■  \ 

Cl  c6h5 


nh2 


3,7-Diamino-5-phenylphen- 
azinium  chloride.  Safranine 
chloride 


These  structures  are  proven  experimentally  by  the  conversion  of  aposafranine 
chloride  to  phenylphenazinium  chloride  by  diazotization  and  removal  of  the  diazo 
group. 


*  For  the  numerous  patents  covering  these  dyes,  see  Frdl.,  Vols.  I-XX. 
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As  in  the  case  of  the  phenoxazinium  and  phenothiazinium  dyes,  these  com¬ 
pounds  also  (at  least  in  the  form  of  their  monoacid  salts)  are  better  represented  by 
a  para -quinoid  structure,  than  by  the  ori/io-quinoid  formulas  (p.  310);  in 
solution  a  desmotropic  equilibrium  between  the  two  forms  appears  to  exist  (cf. 
Kehrmann,  Ann.  414,  142).  The  spectroscopic  data  on  these  systems  confirm 
the  above  conclusions  ( Kehrmann ,  Ber.  47,  1895;  Ann.  414,  131).  According 
to  the  p-quinoid  formulas,  the  dyes  are  the  hydrochlorides  of  3-phenazime  and  7- 
amino-3-phenazime : 


*  yY 

+ 

ci- 

hn/^\n^NH2 

H  | 

H  | 

L  c6h6  J 

L  c6h5  J 

Aposafranine  chloride  Safranine  chloride 


The  corresponding  oxygen -compounds,  the  aposafranones  and  safranones, 
which  are  derived  from  3-phenazinone  [this  compound  must  not  be  confused  with 
the  dibenzopyridazine  (p.  287),  nor  with  antipyrine,  which  are  both  sometimes 
called  phenazone]  have  analogous  formulas : 


H 

,a/nV\ 


C6Hb  _j 
Aposafranone  chloride 


+ 


Cl  Also,  for  the 
free  base: 


A/  V\ 


AAnA/ 


o 


c6h5 


Phenolbetaine  formula 


For  the  free  phenazinone  base  the  phenolbetaine  formula  is  also  used. 

In  the  p -quinoid  form  the  phenazine  dyes  may  be  regarded  as  indamines  or 
indophenols  to  which  a  further  nitrogen  atom  has  been  added  to  close  the  phen¬ 
azine  ring  (cf.  the  analogous  relation  of  the  dyes  of  the  phenoxazine  or  pheno- 
thiazine  series) . 

The  indulines,  which  are  derived  from  the  same  basic  nucleus  (phenazime), 
contain  phenyl  nuclei  in  the  amino  groups,  and  are  therefore  aniline  derivatives 
of  phenazime.  The  term  induline,  however,  does  not  always  have  the  same  con¬ 
notation. 

Aposafranines  are  obtained:  (a)  by  heating  p-aminoazo  compounds  with 
monoamines  in  the  presence  of  some  mineral  acid : 


NH2[4JC6H4N  :NC6H6  +  C6H5NH2 


HN:C6H3/  >C6H4 


^N(C6H5) 


The  intermediate  and  side-products  are  p-quinonediimines,  such  as  quinone- 
dianil,  anilinoquinonedianil,  dianilinoquinonedianil,  or  azophenine  [Fischer, 
Hepp,  Ber.  25,  <2731;  Z.Farb.Textilchemie  1  (1902),  457].  This  reaction  is 
therefore  related  to  the  formation  of  benzophenazimes  and  phenazinones  (iso- 
rosindulines and  isorosindones)  from  N,N'-dichloroquinonimine,  p-nitrosoanilines, 
and  p-nitrosophenols  with  alkyl-  or  aryl-2-naphthylamines  ( Fischer ,  Hepp,  Ber. 
29,  2753;  Fischer,  Ber.  34,  940) : 


C1N  :C6H4:NC1 
+ 

C6H5NHCioH7 


/N- 


<i 

>c10h6 

N(C6H5)' 


,N- 


0:C6H3/  >C10H6 

\N(C6Hb)' 


hoc6h4no 

+ 

C*H6NHCioH7 
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(b)  Phenazinones  and  phcnazimes  are  also  formed  by  condensation  of  hy- 
droxyquinones  and  aminoquinones  with  phenylated  o-diamines  ( Kehrmann ,  Ber. 
28,  1714;  Ann.  290,  262): 


Ox 

>C6H2, 

HO/  /Q 


'O 


(C6H8)NHn 

>c6h, 

H2N/ 

C6H5NHx 

+ 

>c6H4 

H2N/ 

(X  /N(C6H6) 


C6H2<v  >C6H4 

N- 


HO 


yN(C6H5), 

->  AcN:C10H5<  >C6H4 

XN - 


The  dyes  technically  known  as  indulines  can  be  divided  into  four  classes: 

( 1 )  Benzindulines,  HN :  C6H3(N2C6H5)C6H4,  from  phenazime. 

(2a)  Isorosindulines,  HN :  CeHaC^CeHsjCioHel 

>,  from  benzophenazime. 

(2b)  Rosindulines,  HN:C10H5(N2C6H5)C6hJ 

(3)  Naphthindulines,  HN:CioH5(N2C6H5)CioH6,  from  dibenzophenazime. 

(4)  Flavindulines  (p.  310),  from  dibenzo[a,c]phenazime  and  tribenzo[a,c,/i]  - 

phenazime. 

The  ms-alkyl  derivatives,  corresponding  to  these  ms-phenyl  derivatft-es  have  also 
been  prepared  by  various  methods  (cf.  Fischer ,  Hepp,  Ber.  30,  294). 

The  benzindulines  and  isorosindulines  have  similar  properties,  both  being  de¬ 
rivatives  of  benzoquinone,  while  the  rosindulines  resemble  the  naphthindulines, 
which  are  also  derived  from  naphthoquinone.  The  former  of  the  two  groups  forms 
sparingly  soluble,  violet  to  blue  salts;  their  application  in  calico  printing  depends 
on  their  solubility  in  acetin  (acetin-printing) .  The  rosindulines  and  naphth¬ 
indulines  are  stronger  bases.  Their  salts  are  deep  red,  with  red  fluorescence. 
Their  solutions  in  strong  acid  show  the  same  color  changes  on  dilution  that  the 
safranines  do.  When  warmed  with  anilines,  the  indulines,  like  the  quinones,  give 
aniline  derivatives;  the  indones,  when  warmed  with  alkali,  yield  hydroxy  - 
indones.  For  the  action  of  ammonia  on  indulines,  see  the  safranines. 

Aposaf ranine,  benzinduline,  is  formed  by  the  deamination  of  phenosafranine 
(p.  314)  or  isophenosafranine  (p.  314;  Kehrmann,  Ann.  322,  69)  and  is  converted 
by  further  deamination  to  phenylphenazinium  salts,  which  regenerate  aposa- 
franine  when  treated  with  ammonia.  When  warmed  with  aniline,  aposafranine 
yields  anilinoaposafranine  (Kehrmann,  Ber.  28,  1709;  Kehrmann,  Schapo- 
schnikoff,  Ber.  29,  2967).  Aposafranine  is  obtained  together  with  several  other 
induline  derivatives  from  p-aminoazobenzene  and  aniline  [cf.  Fischer,  Hepp, 
Ber.  33,  1498;  Z.Farb.Textilchemie  1  (1902),  457;  Barbier,  Sisley,  Sitzungsber. 
kgl.preuss.Akad.Wiss.  1907,  440).  If  p-aminoazobenzene  is  heated  with  p- 
phenylenediamine,  a  mixture  of  aminated  indulines  is  produced;  this  is  used  as  a 
cotton  dye  under  the  name  paraphenylene  blue  (cf.  Fischer,  Hepp,  Ann.  286, 
195). 

Isorosinduline,  CioHeCN^eHs^eHsNH,  from  N,N'-dichloroquinonimine  and 
phenyl-2-naphthylamine,  yields  phenylbenzophenazinium  salts  when  deaminated 
(Fischer,  Hepp,  Ber.  29,  2753) .  The  dimethyl  derivative  of  isorosinduline  is  pre¬ 
pared  from  p-nitrosodimethylaniline  with  aniline  and  1-naphthylamine;  an  ani- 
lino  derivative  of  this  compound  is  the  well-known  Basle  blue  (Fischer,  Hepp, 
Ann.  272,  311). 

Rosinduline,  HNCioH5(N2C6H5)C6H4,  m.p.  199°,  is  obtained  from  benzeneazo- 
1 -naphthylamine  with  aniline,  from  o-hydroxy-l,4-naphthoquinonimine  with  o- 
aminodiphenylamine  and,  together  with  the  isomeric  \f -rosinduline,  from  4- 
acetamido-1, 2-naphthoquinone  with  phenyl -o-phenylenediamine.  i/> -Rosin¬ 
duline  differs  from  rosinduline  in  the  position  of  the  NC6H5-group  in  the  naphtha¬ 
lene  ring  (Kehrmann,  Messinger,  Ber.  24,  2167;  Kehrmann,  Ann.  290,  262). 
Like  isorosinduline,  rosinduline  may  be  deaminated  to  phenylbenzophenazinium 
salts,  from  which  rosinduline  may  be  regenerated  by  the  action  of  ammonia.  A 
series  of  isomeric  rosindulines  have  been  prepared  by  various  methods  (cf.  Kehr¬ 
mann,  Levy,  Ber.  31,  3097;  Kehrmann,  Filatoff,  Ber.  32,  2627;  Kehrmann, 
Wolff,  Ber.  33,  1543;  Kehrmann,  Helv.  8,  655).  Phenylrosinduline,  m.p.  235°; 
azocarmine  is  its  disulfonic  acid  (Ger.  Pat.  45370,  1888,  Frdl.  II,  202) . 

Naphthinduline,  HNCioH6(N2C6H6)CioH6,  m.p.  250°,  is  obtained  from  benzene- 
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azo-l-naphthylamine  with  naphthylamine  and  aniline  ( Fischer ,  Hepp,  Ann.  262, 
262;  272,  311).  Naphthyl  violet  is  its  anilino  derivative.  Naphthyl  blue,  the 

anilino  derivative  of  phenylnaphthinduline,  is  formed  by  inner  condensation  of 
benzeneazo-l-naphthylphenylamine. 

INDONES  ( Fischer ,  Hepp,  Ann.  286, 242) .  The  indones  are  derivatives  of  phen- 
azinone.  Since  they  form  chlorophenazinium  chlorides  with  PC15,  a  phenolbetaine 
structure  must  be  considered  for  these  compounds  together  with  the  p-quinone 
formula  (p.  311)  {Fischer,  Hepp,  Ber.  33,  1485;  Kehrmann,  Stern,  Ber.  41,  12) : 


The  indones  add  dimethyl  sulfate  to  give  methyl  sulfate  salts  of  methoxyphen- 
azinium  hydroxides  {Kehrmann,  Ann.  322,  73). 

Aposafranone,  benzindone,  C18H12N2O,  m.p.  242°,  prepared  from  aposafranine 
bromide  with  aqueous  sodium  hydroxide  {Fischer,  Hepp,  Ber.  33,  1487),  reacts 
with  PCI5  to  form  phenylchlorophenazinium  chloride  (see  above),  and  with  hy- 
droxylamine  to  form  aminoaposafranone,  Ci8HiiN20(NH2)  {Fischer,  Hepp,  Ber. 
38,  3435).  Rosindone,  OCioH5(N2C6H6)C6H4,  m.p.  259°,  is  used  technically  in 
the  form  of  its  sulfonic  acid  as  a  ponceau -red  dye.  With  PCI5  it  gives  phenyl  - 
chlorobenzophenazinium  chloride,  which  is  converted  by  KSH  to  thiorosindone ; 
with  dimethyl  sulfate,  rosindone  gives  N -methyl-N ' -phenylmethoxybenzophen- 
azinium  sulfate,  CH3OCi0H5(C6H5N2-OSO3CH3)C6H5.  For  the  oxidation  of 
rosindone  to  rosindonic  acid  with  Cr03,  see  Fischer,  Ber.  36,  3622.  Isorosindone, 
CioH6(N2C6H5)C6H30,  m.p.  224°,  from  nitrosophenol  and  phenyl -2 -naphthyl¬ 
amine  {Fischer,  Hepp,  Ber.  29,  2755),  is  converted  by  PCI5  to  phenylbenzochloro- 
phenazinium  chloride  {Fischer,  Hepp,  Ber.  33,  1494),  and,  by  hydroxylamine,  to 
,  aminoisorosindone  {Fischer,  Romer,  Ber.  40,  3406).  Naphthindone,  C10H5O- 
(N2 -CeHfOCioHe,  m.p.  295°,  reacts  with  PCU  to  form  phenylchlorodibenzophen- 
azinium  chloride  {Fischer,  Hepp,  Ber.  33,  1497). 

Pyocyanine,  C26H20N4O2,  has  been  found  to  be  a  derivative  of  2 -phenazinone . 
This  blue  dye  is  a  product  of  the  metabolism  of  Bacillus  pyocyaneus.  Wrede 
(Z. physiol. Chem.  181,  64)  assigns  it  this  constitution: 


CH3 


a/n\a 


o 


/V 


\AnA/ 

1 

CH3 


With  alkali  in  the  presence  of  oxygen,  1 -hydroxyphenazine  (hcmipyocyanine) 
(p.  309)  is  formed.  For  the  synthesis  of  this  dye,  see  Wrede,  Strack,  Z.physiol. 
Chem.  181,  74. 


SAFRANINES.  The  saf ranine  salts  may  be  considered  as  sym¬ 
metric  diamino  derivatives  of  azinium  salts  ( Nietzki ,  Ber.  29,  1442). 
They  are  prepared: 


314  SIX-MEMBERED  RINGS  WITH  TWO  HETERO  ATOMS 


( 1 )  By  oxidation  of  a  mixture  of  an  indamine  and  a  monoamine 
(cf.  Hardin ,  Ber.  33,  1212): 


HN 


:  C6H/ 


Ns 


'C6H4-NH2  +  nh2c6h6 


o 

- > 

HC1 


N - 

N(C6H5)C1 

Phenylene  blue  Phenosafranine  chloride 

The  mechanism  of  this  reaction  must  be  quite  similar  to  that  given  for 
methylene  blue  (p.  280). 


\c6h3-nh2 


(2)  By  oxidation  of  a  mixture  of  m-amino  derivatives  of  di- 
phenylamine  with  p-diamiries  or  dichloroquinonimines  ( Jaubert , 
Ber.  28,  1579;  Nietzki,  Ber.  29,  1444): 


NH2[3]C6H* 

C6H5NH[3]C6H4 


+  NH2C6H4  [4  ]NHC6H5 
NH(C6H5) 

+  NH2C6H4  [4]NH2 
NH(C6H5) 


,N- 


NH2 .  C6H3<  NCeHa  •  NH  (C6H5) 

^N(C6H5)CK 


Phenomauveine 


( 3 )  By  the  action  of  ammonia  or  amines  on  the  acetyl  derivatives  of  indulines : 


AcNHC6H3<f 


XT 


NHa 


,N- 


C6H4  '■>  AcNH-C6H3<f  >C6H3NH2 

N(C6Hb)CK  ^N(C6H5)CP 


The  safranines  form  stable  monoacid  salts,  usually  red.  Their  solutions  in  con¬ 
centrated  sulfuric  acid  or  hydrochloric  acid  are  green;  when  diluted,  they  turn 
blue,  then  red  (due  to  dissociation  of  unstable  polyacid  salts;  cf.  monoamino- 
phenazines,  p.  308).  These  color  changes  are  reversed  by  addition  of  acid  to 
dilute  solutions  of  the  salts.  The  slight  solubility  of  the  nitrates  is  a  character¬ 
istic  property.  The  alcoholic  solutions  of  the  safranines  show  a  strong  yellow- 
red  fluorescence.  In  contrast  to  the  induline  azinium  bases  (p.  311),  the  free 
azinium  bases  of  the  safranine  series  are  stable  in  aqueous  solution  ( Hantzsch , 
Osswald,  Ber.  33,  315).  The  safranines  can  be  reduced  to  leuco  bases,  which 
regenerate  the  dyes  very  rapidly  in  the  presence  of  alkali. 

Phenosafranine  chloride,  Ci8H15N4Cl,  shiny  green  flakes  or  steel-bine  needles, 
yields  safranol  (p.  315)  when  digested  with  barium  hydroxide.  When  its  mono- 
azo  derivative  is  boiled  with  alcohol,  it  is  converted  to  aposafranine  chloride  (p. 
311),  whose  acetyl  derivative  gives  an  acetylated  phenosafranine  on  treatment 
with  ammonia  ( Kehrmann ,  Schaposchnikoff,  Ber.  30,  1565)  .  as-Dimethyl- and 
diethylphenosafranine  ( Nietzki ,  Ber.  28,  1356)  are  obtained  from  dimethyl- 
and  diethyl -p-phenylenediamine  with  2  molar  proportions  of  aniline.  Tetra- 
ethylphenosaf ranine  is  the  violet  dye  amethyst. 

Isophenosafranine  chloride,  (NH2)2C6H2(N2C6H5C1)C6H4,  differs  from  safranines 
in  having  both  amino  groups  attached  to  one  benzene  nucleus.  It  is  prepared  from 
dinitrophenyldihydrophenazine,  the  condensation  product  of  picric  acid  with  o- 
aminodiphenylamine,  by  the  same  method  used  for  the  analogous  compounds  of 
the  oxazine  and  thiazine  series  (pp.  272,  277)  ( Kehrmann ,  Prunier,  Helv.  7, 
984;  Hoehn,  Helv.  8,  275) . 

TOLUSAFRANINE,  CisH^CHa^Cl,  is  the  principal  constitu¬ 
ent  of  the  ordinary  safranine  which  is  used  to  produce  scarlet  and 
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rose  shades  on  cotton  and  silk.  It  is  obtained  from  p-toluenedi- 
amine  (see  p.  314)  with  1  mol  o-toluidine  and  1  mol  aniline;  techni¬ 
cally  this  mixture  of  bases  is  produced  from  the  “  aniline  oil  for  safra- 
nine,”  which  is  partially  converted  by  diazotization  to  p-amino- 
azotoluene  and  then  reduced  to  p-toluenediamine  and  o-toluidine. 

Naphthophenosafranine  chloride,  NH2Ci0H5(N2C6H5C1)C6H3NH2;  its  acetyl 
derivative  is  formed  from  acetylisorosinduline  with  ammonia  ( Kehrmann , 
Schaposchnikoff,  Ber.  30,  1566). 

Indazine,  CeHsNHCeHs^^lCeHsiCeHsNtCHsb,  m.p.  218°,  is  closely  related 
to  the  safranines  in  its  formation.  It  is  prepared  from  diphenyl -w-phenylene- 
diamine  with  nitrosodimethylaniline.  The  analogous  nonmethylated  compound, 
from  nitrosoaniline  and  diphenyl-ra-phenylenediamine,  or  from  m-  and  p-amino- 
diphenylamine  (see  above)  is  identical  with  phenomauveine,  which  is  akin  to 
mauveine,  the  first  aniline  dye  to  be  produced  technically  ( Perkin ,  1856). 
Mauveine  is  obtained  by  oxidation  of  aniline  containing  toluidine  with  bichromate 
or  Pb02  [ Cobenzl ,  Osterr.chem.Z.  28  (1925),  25] .  Another  member  of  the  safra- 
nine  group  is  magdala  red  ( Hofmann ,  Ber.  2,  412),  which  is  formed  from  amino- 
azonaphthalene  with  1-naphthylamine  hydrochloride  and  apparently  has  this 
constitution : 

/N - -\ 

NH2CioH6<f  >C10HsNH2 

^N(C,„H7)CK 


( Fischer ,  Hepp ,  Ber.  26,  2235;  Kehrmann,  Schaposchnikoff,  Ber.  30,  1567). 

SAFRANONES  and  SAFRANOLS  are  symmetric  amino  and  hydroxy  deriva¬ 
tives  of  aposafranone  (p.  313);  they  are  formed  similarly  to  the  safranines  from 
ra-hydroxydiphenylamines  with  nitrosodimethylaniline  or  nitrosophenol  ( Jaubert , 
Ber.  28,  270,  1578;  Harries,  Klamt,  Ber.  28,  503;  Nietzki,  Ber.  28,  1354). 
Safranone,  C18H13N3O,  and  safranol,  Ci8Hi2N202,  are  also  obtained  by  digesting 
phenylsafranine  with  barium  hydroxide  solution  or  KOH  ( Fischer ,  Hepp,  Ber.  30, 
399).  With  PCI5  safranol  gives  dichlorophenazinium  chloride,  C1C6H3(N2  -Cl- 
C6H5)C6H3C1  ( Fischer ,  Hepp,  Ber.  31,  301). 

Fluorindines.  The  simplest  member  of  this  group  of  dyes,  fluorindine,  is  the 
analogue  of  triphenodioxazine  (p.  277) ; 


Triphenodioxazine  Fluorindine  =  5,12-Dihydroquinoxalo[2,3-6] 

phenazine 

As  triphenodioxazines  are  formed  by  oxidation  of  o-aminophenols,  so  the 
fluorindines  are  prepared  by  oxidation  or  heating  of  salts  of  o-diamines,  as-di- 
aminophenazines  (p.  309)  being  formed  as  intermediate  products: 


A  /Nil 2  H2Nx 

c6h4<  >c6h2<  +  >c6h4  — 

XN/  xnh2  H2Nx 

as-Diaminophenazine  o-Phenylenediamine 


/N. 


% 


/  XX  /NH\ 

-4  C6H4/  >c6h2/  >c6h4 

xnh/ 


Fluorindine 


The  fluorindines  are  shiny  green  crystals,  which  sublime  undecomposed  and 
are  very  sparingly  soluble.  Their  solutions  show  a  beautiful  brick -red  fluores¬ 
cence. 

Methylfluorindine,  C6H4(N2H)C6H2(N2  •CH3)C6H4,  is  obtained  from  diamino- 
phenazine  hydrochloride  with  methyl -o-phenylenediamine.  Phenylfluorindine, 
C6H4N2HC6H2N2(C6H5)C6H4,  has  been  prepared  by  condensation  of  aposafranine 
chloride  (p.  311)  with  o-phenylenediamine  ( Fischer ,  Hepp,  Ber.  29,  367).  Di- 
phenylfluorindine,  C6H4(N2C6H5)C6H2(N2-C6H5)C6H4,  is  formed  by  oxidation  of 
azophenine  (Vol.  Ill,  p.  247)  or  by  sublimation  of  phenylinduline  (see  above 
{Fischer,  Hepp,  Ber.  28,  293).  For  dibenzo[a,c]fhiorindine,  phenanthropheno- 
fluorindine,  from  o-diaminoflavinduline,  see  Kehrmann,  Ber.  33,  405. 
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12-Quinoxalo [2,3-6] phenoxazine,  triphenazineoxazine,  is  a  mixed  oxazine- 
phenazine;  it  is  prepared  from  as -dihydroxy plienazine  with  o-aminophenol  or 
from  aminoplienoxazone  with  o-phenylenediamine  ( Fischer ,  Hepp,  Ber.  28,  299; 
Die  polder,  Ber.  31,  499;  34,2272;  35,2816): 


Higher  condensed  ring-systems  have  been  obtained  by  this  same  method 
( Kehrmann ,  Lozoz,  Helv.  10,  339;  Kehrmann,  CoLlaud,  Helv.  11,  1028). 


4.  ARSAZINES 

Phenarsazine  is  a  tricyclic  ring-system  derived  from  the  phenazine  ring  by  re¬ 
placement  of  an  N  -atom  by  As : 


Phenarsazine 


[8] 


[91  W  [1] 

^\/AS\/\ 


[2] 


mV\NA/I3) 

[61  $  [4] 


Derivatives  of  this  ring-system  may  be  obtained  in  two  ways : 

1.  By  heating  diphenylamine  and  substituted  diphenylamines  with  AsCls 
(Wieland,  Rheinheimer,  Ann.  423,  1) : 


/\  AsCU  A, 

+ 


Cl 

a/Ka 


V\NH/V 


+  2HC1 


10-Chloro-5,10-dihydrophenarsazine 
=  Phenarsazine  chloride 


2.  From  N -phenyl -o-arsanilic  acid  (a)  by  elimination  of  water  by  digesting 
with  HC1,  with  formation  of  phenarsazinic  acids;  (6)  by  reduction  with  HC1, 
S02  in  the  presence  of  some  iodine,  with  formation  of  10-chloro-5,10-dihydro- 
phenarsazine  ( Gibson ,  Johnson ,  J.  1927,  2499;  1929,  1229,  2743) : 


Phenarsazinic 

acid 


Phenarsazine 

chloride 


The  phenarsazinic  acids  can  be  obtained  from  the  10-chloro-5,10-dihydrophen- 
arsazines  by  oxidation  with  H2O2;  this  conversion  can  be  reversed  by  reduction 
with  S02  in  alcoholic  hydrochloric  acid  solution. 

When  phenarsazine  derivatives  are  treated  with  bromine,  the  arsenic  is  split 
off,  and  brominated  diphenylamines  are  produced  ( Elson ,  Gibson,  Johnson,  J. 
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1929,  1080).  With  nitric  acid  nitro  derivatives  of  phenarsazine  are  formed. 

Phenarsazine,  m.p.  about  310°,  orange-red,  prepared  by  heating  the  methyl 
ether  obtained  from  10-chloro-5,10-dihydrophenarsazine  ( Wieland ,  Rheinheimer , 
Ann.  423,  16) .  Phenarsazine  readily  adds  a  number  of  compounds,  such  as  HC1, 
alcohol,  and  acetic  acid;  the  products  are  derivatives  of  dihydrophenarsazine. 

10-Chloro-5,10-dihydrophenarsazine,  m.p.  192°,  by  method  1  or  2  ( Wieland , 
Rheinheimer,  Ann.  423,  12;  Burten,  Gibson,  J.  1926,  464).  10-Chloro-2-methyl-, 
10-chloro-3(l?)-methyl-,  10-chloro-2,8-dimethyl-5,10-dihydrophenarsazine,  m.p. 
200°,  216°,  262°  ( Burton ,  Gibson,.  J.  1926,  464;  Gibson,  Johnson,  J.  1929,  767). 
10-Chloro-5, 10 -dihydrophenarsazine -4 -carboxylic  acid,  m.p.  243°,  from  anthra- 
nilic  acid  according  to  method  2b. 

Application  of  method  2  to  o-,  m-,  and  p-phenylenediamine  yields  com¬ 
pounds  containing  two  arsazine  rings  ( Gibson ,  Johnson,  J.  1928,  2204) : 


Cl 


Cl 


A/aV\/aV\ 


NH' 


The  replacement  of  the  second  nitrogen  atom  in  phenazine  by  As  gives  the 
compound : 


/V 


V\ 


na 


or 


As 


A/ 


a/Na 


V\As/V 


Arsanthrene,  m.p.  about  340°  (Diphenyldiarsine) 


This  orange-yellow  compound  has  been  prepared  from  the  corresponding  di- 
chloride  by  reduction  (Kalb,  Ann.  423,  68).  Arsanthrenic  acid,  m.p.  over  360°, 
corresponding  to  arsanthrene,  is  produced  by  oxidation  of  arsanthrene  dichloride 
with  HNO3  (Wieland,  Rheinheimer,  Ann.  423,  31). 


III.  SIX-MEMBERED  RINGS  WITH  THREE 

HETERO  ATOMS 

1.  TRIAZINES 


Derivatives  of  all  three  possible  isomeric  triazines  are  known: 


14] 

[4] 

14] 

AH\ 

/N\ 

yCH\ 

15]  N  N  [3] 

[5]  HC  CH  13] 

[5]  HC  N 

)  1  II  , 

(B)  1  II  (C) 

1  II 

[6]  HC  CH  [2] 

[6]  HC  N  [2] 

[6]  HC  N 

^  N  / 

\n/ 

\  N  ^ 

11] 

[i] 

m 

s-Triazine, 

os-Triazine, 

v-Triazine, 

1,3,5-Triazine,  Cyanidine 

1,2,4-Triazine 

1,2,3-Triazine 

(A) 

s-Triazines,  Cyanidines 

The  formula  of  the  symmetric  triazine  is  the  same  as  that  of  the  hypothetical 
trihydrocyanic  acid,  to  which  certain  metallohydrocyanic  acids  are  referred  (cf. 
Pascal,  C.r.  180,  1850).  A  number  of  polymeric  cyano  compounds,  such  as 
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cyanuric  acid,  thiocyanuric  acid,  cyanuric  chloride,  melamine,  and  isomelamine, 
are  derivatives  of  this  triazine.  They  are  treated  in  Vol.  I. 

Alkyl-  and  phenyl -s-triazines  are  obtained : 

1.  By  the  action  of  aluminum  chloride  on  a  mixture  of  benzonitrile  and 
benzoyl  chloride  or  fatty  acid  chloride.  When  benzoyl  chloride  is  used,  the  re¬ 
action,  which  is  improved  by  the  addition  of  ammonium  chloride,  apparently 
takes  the  following  course  ( Eitner ,  Krafft,  Ber.  25,  2263) : 


2  C6H5CN  +  C6H5C0C1 


c6h5cci 


OCC6H5  nh3 


N — C(C6H5)=N 

c6h5c- 


-N= 


=cc6h6 


N — C(C6H5)=N 


2.  By  the  reaction  of  fatty  .acid  anhydrides  on  aromatic  carboxylic  acid 
amidines  ( Pinner ,  Ber.  25,  1624;  Rappeport,  Ber.  34,  1989): 


-N= 


=cch3 


C6H5C — NH2  0(C0CH3)2  CgH5C- 

II  +  NH2C(C6H5):NH  - - - >  ||  | 

NH  N — C(C6H5)=N 

Carbonyl  chloride  reacts  like  the  acid  anhydrides,  forming  s-triazinols  ( Pinner , 
Ber.  25,  1424). 

Derivatives  of  hexahydro-s-triazine  are  formed  by  the  action  of  mineral  acids 
on  5fs-(acetylureido) -methanes  (Ger.  Pat.  479349,  1926,  Frdl.  XVI,  2909): 

/NH  •  CO  •  NH  •  CO  •  CH3 


CH« 


nhco-nh-co-ch3 


^/NH-CO^ 
CH2  NH 

Nnh-co/ 


The  s-triazines  are  weak,  monoacid  bases;  they  can  be  decomposed  more  or  less 
readily  into  NH3  and  carboxylic  acids.  They  are  important  intermediates  for 
various  dyes  (see  Ger.  Pats.  433100,  1924,  Frdl.  XV,  329;  441985,  1925,  Frdl. 
XV,  558) . 

2, 6-Diphenyl -4-methyl -s -triazine,  m.p.  110°,  from  benzamidine  and  acetic 
anhydride,  can  be  oxidized  to  diphenyltriazinecarboxylic  acid,  which  yields  on 
decarboxylation,  2, 6-diphenyl -s-triazine,  m.p.  75°  (Kraft,  Koenig,  Ber.  23, 
2382).  2, 4, 6-Triphenyl -s-triazine,  cyaphenine,  was  first  prepared  from  benzoyl 

chloride  and  potassium  cyanate  (Cloez,  1859) .  It  is  also  obtained  by  polymeriza¬ 
tion  of  benzonitrile  with  concentrated  H2S04,  from  benzonitrile,  benzoyl  chloride, 
and  A1C13,  and  from  a  mixture  of  cyanuric  chloride  and  bromobenzene  by  treat¬ 
ment  with  Na  (proof  of  constitution;  cf.  also  Diels,  Liebermann,  Ber.  36,  3193). 
Nascent  hydrogen  splits  it  into  NH3  and  lophine  (p.  128) .  Tri-(trichloromethyl)  - 
s-triazine,  C3(CC13)3N3,  m.p.  96°,  is  formed  by  the  polymerization  of  trichloro- 
acetonitrile.  Tri-(a,a-dichloroethyl) -s-triazine,  C3(CC12-CH3)3N3,  m.p.  74°, 
from  propionitrile  with  chlorine,  gives  with  KSH  trithioacetyl-s-triazine, 
C3(CS-CH3)3N3  ( Troeger ,  Hornung,  J.pr.  57,  357). 

2,4-Diphenyl-6-s-triazinol,  m.p.  289°,  from  benzylideneamidine  with  COCl2 
(cf.  Pinner,  Ber.  23,  163),  forms  a  crystalline  sodium  salt.  With  PC16  it  gives 
diphenylchloro -s-triazine,  m.p.  139°,  which  behaves  like  an  acid  chloride,  e.g. 
it  is  readily  converted  by  ammonia  to  2,4-diphenyl-6-amino-s-triazine,  m.p. 
172°.  6-Methyl-2,4-s-triazinediol,  C3(CH3) (OH)2N3,  from  acetylurethan  and 
urea  (Ostrogovich,  Ann.  288,  318). 

Amino-s -triazine,  aminohydrocyanuride,  C3H2(NH2)N3,  and  diamino -s-tri¬ 
azine,  diaminohydrocyanuride,  C3H(NH2)2N3,  m.p.  235°,  are  formed  from  cyanu- 
ramide  dichloride  and  cyanurodiamide  monochloride  by  reduction.  Diamino- 
s-triazine  is  identical  with  formoguanamine  (Diels,  Ber.  32,  1219;  cf.  Vol.  I,  p. 
531).  Guanamines  are  produced  by  heating  the  guanidine  salts  of  fatty  acids 
alone  or  biguanide  with  fatty  acids : 


nh2c— nh2 

N— C(NH2)=NH 

Biguanide 


+  HCOOH 


NH2C- 


-N= 


=CH 


N — C(NH2)=N 


Diamino-s-triazine,  F ormoguanamine 
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Piperidylamino -s-triazine,  C3(NC5H10)  (NH2)HN3,  m.p.  194°,  is  similarly  ob¬ 
tained  from  piperidylbiguanide  by  heating  with  formic  acid  or  by  treatment 
with  chloroform  and  KOH  even  at  0°  ( Bamberger ,  Seeberger,  Ber.  25,  525). 

s-Triazinetriol  is  the  normal  cyanuric  acid  (Vol.  I,  p.  520),  trichloro-s-triazine 
is  cyanuric  chloride  (Vol.  I,  p.  523),  triamino -s-triazine  is  melamine  (Vol.  I,  p. 
530)  and  diamino -s-triazinol  and  amino -s-triazine diol  are  ammelide  and  am- 
meline  (Vol.  I,  p.  530). 

When  cyanuric  chloride  is  treated  with  methanol  or  ethanol  and  zinc  dust,  the 
product  is  dimethoxy-  or  diethoxychloro-s-triazine,  C3(0R)2C1N3,  m.p.  81° 
and  m.p.  44°,  b.p.  144°  (13  mm.).  Dimethoxychloro-s-triazine  is  converted 
by  KSH  to  dimethoxymercapto-s -triazole,  which  is  hydrolyzed  by  hydrochloric 
acid  to  mercapto-s-triazinediol,  monothiocyanuric  acid,  C3(OH)2(SH)N3,  m.p. 
316°  (dec.)  (Diels,  Liebermann,  Ber.  36,  3191).  The  reaction  products  of  cya¬ 
nuric  chloride  with  many  classes  of  organic  compounds,  have  been  patented 
[cf.  Swiss  Pats.  103430;  106074-106119;  106385-9;  106394-8;  106400-2; 

106405-10  (all  1923) ;  and  Brit.  Pat.  220302,  1924] . 

Isocyanuric  acid  is  2,4,6(l,3,5)-s-triazinetrione. 


(B)  as-Triazines,  1,2,4-Triazines 


Only  a  few  derivatives  of  the  simple  as-triazine  ring  are  known.  5,6-Diphenyl- 
3 -as -triazinol,  m.p.  218°,  results  from  the  condensation  of  benzil  with  semi- 
carbazide  hydrochloride  in  glacial  acetic  acid  (Biltz,  Ann.  339,  243) : 


C6H5CO  H2N— CO  C6H5C=N— C(OH) 

I  +  I  - >  I  || 

c6h6co  h2n— nh  c6h5c=n— n 

5, 6 -Diphenyl -3 -amino -as -triazine,  C3(C6H5)2(NH2)N3,  m.p.  175°,  is  prepared 
from  benzil  and  aminoguanidine  nitrate  ( Thiele ,  Bihan,  Ann.  302,  309).  For 
other  triazines  obtained  from  aromatic  diketones  by  the  same  method,  see  De, 
Quart. J. Indian  Chem.Soc.  4  (1927),  183.  The  condensation  also  takes  place 
with  thiosemicarbazones  of  a-oxo  carboxylic  acids,  leading  to  the  formation  of  3- 
mercapto-5 (2) -as -triazones  ( van  Alphen,  Rec.  47,  673) : 


HNH 

\ 

O : COH  C:S 

I  I 

h3c-c  nh 


o 


C-SH 


h3c-c  nh 

Nsf/ 


Several  other  as-triazines  are  obtainable  from  phenacylazocyanide,  C6H5CO- 
CH2N:NCN,  whose  amide,  amide  chloride,  and  thiamide  are  converted  by  elimi¬ 
nation  of  water  to  phenylhydroxy-,  phenylchloro-,  and  phenylmercapto-as  -tri¬ 
azine,  m.p.  234°,  123°  and  200°  (Wolff,  Lindenhayn,  Ber.  36,  4126) : 

C6H5CO — CH2 — N  C6H5C=CH - N 

II  - >  I  II 

H2N— CO— N  N=C  (OH)  •  N 


1-Phenyl-  and  l-phenyl-4-alkyl-l,6-dihydro-5(4)-as-triazones  are  prepared 
by  heating  as-phenylhydrazinoacetic  ester  with  formamide  and  substituted 
formamides  (Harries,  Ber.  28,  1228) : 


COOR  +  RHNCHO  CO - NR— CH 

I  - >  I  II 

CH2 — N  (C6H5)— nh2  ch2— N  (C6H5)— n 


l,4-Diphenyl-l,6-dihydro-5(4)-as-triazone,  m.p.  205°  is  so  obtained  with 
formanilide;  an  isomeric  l,4-diphenyl-4,5-dihydro-6(l)-as-triazone, 


CH2 — N  (C6H5) — CH 

I  II 

CO— N(C6H5)— N 
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m.p.  174°,  is  formed  from  phenylglycine  phenylhydrazide,  CeH5NHCH2CON- 
(C6H5)NH2,  (Vol.  III,  p.  90)  with  anhydrous  formic  acid  (Widman,  Ber.  26, 
2616).  l,4-Diphenyl-2,3-dihydro-5,6(4,l)-as-triazinedione,  m.p.  258°,  is  pre¬ 
pared  from  as-phenylhydrazinoacetanilide  with  phosgene  ( Rupe ,  Heberlein, 
Roesler,  Ann.  301,  69).  6-Methyl-l,6-dihydro-3,5(2,4)-as-triazinedione,  m.p. 
214°,  from  a-semicarbazidopropionitrile,  NH2CONH -NHCH(CH3)CN,  with 
coned,  hydrochloric  acid,  loses  two  hydrogen  atoms  when  treated  with  bromine, 
forming  6-methyl-3,5-as-triazinediol,  m.p.  209°  ( Thiele ,  Bailey,  Ann.  303,  76). 

A  larger  number  of  derivatives  of  1,2,4-benzotriazine,  a-phentriazine ,  are 
known.  They  are  prepared:  ( 1 )  by  reduction  of  sym.  o-nitrophenylacyl- 
hydrazines : 

.N02  COH  /N=CH 

c6h4<  |  - >  c6h4<  | 

XNH— NH  XN=N 


(2)  By  condensation  of  formazyl  compounds  by  boiling  with  strong  acids 
(Bamberger ,  Wheelwright,  Ber.  25,  3206;  Bamberger,  Lorenzen,  Ber.  25,  3540; 
Bamberger,  Witter,  Ber.  26,  2788) : 


C6H5N=Nx 

C6H5NH— 


CCOCHa 


/N=N 

C6H4<  I  (+  C6H5NH2) 

\n=CCOCH3 


The  1,2,4-benzotriazines  are  yellow,  crystalline  substances  with  an  alkaloid¬ 
like  odor.  They  are  slightly  basic. 

1,2,4-Benzotriazine,  C6H4(CN3H),  m.p.  75°,  b.p.  235-240°,  is  obtained  from 
o-nitrophenylformylhydrazine  by  reduction,  or  from  formazylcarboxylic  acid 
ester  by  elimination  of  aniline  and  C02.  3-Methyl-l,2,4-benzotriazine,  CeH4- 
[CN3(CH3)],  m.p.  89°,  b.p.  250-255°,  from  o-nitrophenylacetylhydrazine. 
3-Acetyl-l,2,4-benzotriazine,  C6H4[CN3(COCH3)] ,  m.p.  114°,  from  formazyl 
methyl  ketone.  3-Aminophenanthro [9, 10]  -as-triazine ; 

C6H4 — C==N — N 
i6II4 — C=N — CNH2 


m.p.  262°,  and  3-phenanthro[9,10] -as -triazinol,  m.p.  285°  (dec.),  from  phen- 
anthrenequinone  with  aminoguanidine  nitrate  and  semicarbazide  hydrochloride 
( Thiele ,  Bihan,  Ann.  302,  310;  Schmidt,  Schairer,  Glatz,  Ber.  44,  276). 

The  products  of  the  reaction  of  aldehydes  with  o-aminoazo  compounds,  which 
were  first  thought  to  be  2-phenyldihydro-l,2,4-benzotriazines,  have  been  identi¬ 
fied  as  N-phenylaminobenzimidazoles  ( Fischer ,  J.pr.  104,  102;  107,  16). 


(C)  *;-Triazines 

3,4-Dihydro-l,2,3-benzotriazines: 


l 

N. 


7,/\/  2 


,NH3 


CH2 

4 


which  may  be  considered  ring-homologues  of  benzotriazole  (p.  151),  are  prepared 
from  o-aminobenzylamines  and  o-aminobenzamides  with  nitric  acid,  just  as  the 
dihydroquinazolines  are  obtained  with  carboxylic  acids  (p.  293) : 


/NH2 

c6h4< 

xch2— nhc6h5 


c6h4 


nh2 


no2h 


no2h 


C6H4. 


c6h4. 


N=N 

I 

ch2— nc6h6 

N=N 

I 

CO— NH 


co-nh2 
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3-Phenyl-3,4-dihydro-l,2,3-benzotriazine,  C6H3[CH2N3(C6H5)] ,  m.p.  128° 
(dec.)  (Busch,  Ber.  25,  445).  3-Benzyl-3,4-dihydro-l,2,3-benzotriazine,  C6H4- 
[CH2N3(C7H7)],  m.p.  91°  (Busch,  J.pr.  51,  257).  l,2,3-Benzotriaz-4(3)-one, 
benzazimide,  C6H4(CON3H),  m.p.  212°  (dec.),  from  o-aminobenzamide  with 
nitrous  acid,  is  also  obtained  from  3-aminoindazole  by  oxidation  with  hydrogen 
peroxide  in  acid  solution  (cf.  p.  116) ;  its  oxime  is  produced  by  the  action  of  N203 
on  o-aminobenzylideneaminoxime  (Busch,  Ber.  25,  445;  Zacharias,  J.pr.  43,  446; 
Finger,  Ber.  37,  432;  J.pr.  48,  92;  Kratz,  J.pr.  53,  210;  Pinnow,  Samann,  Ber. 
29,  626).  l,2,3-Benzotriazine-4(3)-thione,  C6H4(CSN3H),  m.p.  187°,  from  o- 
aminothiobenzamide  with  nitrous  acid  (Reissert,  Grube,  Ber.  42,  3719).  3- 

Phenyl-l,2,3-benzotriaz-4(3)-one,  C6H4(CON3C6H5),  m.p.  151°,  from  o-amino- 
benzanilide  with  N203  (Konig,  Reissert,  Ber.  32,  784),  is  also  formed  when  diazo- 
aminobenzene-o-carboxylic  acid  ester  is  digested  with  alcohol  (Mehner,  J.pr.  64, 
70). 


2.  OXADIAZINES 


Oxadiazines  contain  one  oxygen  atom  and  two  nitrogen  atoms  in 
their  ring.  Only  a  few  are  known,  and  most  of  these  have  been  pre¬ 
pared  by  reactions  similar  to  those  producing  the  corresponding 
five-membered  rings,  the  oxadiazoles. 


Derivatives  of  the  following  isomeric  oxadiazines  have  been  reported : 


H  [4] 

H 

H, 

h2 

/N\ 

/N\ 

/C\ 

/°\ 

[5]  HC  CH  [3] 

HC 

N 

N 

CH 

HC  CH 

II  11 

II  II 

II  II 

II  II 

[6]  HC  N  12] 

HC 

CH 

HC 

N 

N  N 

\q/ 

Xo/ 

\)/ 

\>/ 

HI 

1,4,2-Oxadiazine 

1,4,3-Oxadiazine 

1,2,5,4-Oxadiazine 

1,2,6,4-Oxadiazine 

(a)  1,4,2-OXADIAZINES.  As  the  five-membered  1,2,4-oxadiazoles  are 
prepared  from  amidoximes  with  carboxylic  acid  chlorides,  so  their  six-membered 
ring-homologues  are  formed  from  amidoximes  with  a-chloro-aliphatic  acids 
(Koch,  Ber.  22,  3161;  Werner,  Sonnenfeld,  Ber.  27,  3353;  Werner,  Bial,  Ber.  28, 
1374;  Werner,  Falck,  Ber.  29,  2656;  Wolf,  Ber.  31,  2110) : 

C6H5C— NH2  HOCO  C6H5C— NH— CO 

II  +  |  - >  ||  | 

NOH  C1CH2  N — O — CH2 


Benzo  derivatives  of  this  ring  are  obtained  from  dinitrophenol  ethers  of  ami¬ 
doximes  with  alkali,  one  nitro  group  being  eliminated  (Werner,  Herberger,  Ber.  32, 
2686) : 


,0- 


-N 


NOAH3/  "'^CC«Hfi 

xN02  H2N' 


KOH 
- > 


yO - N 

N02C6H3<  II  (+  N02K) 
XNH— CC6H6 


(b)  Derivatives  of  1,4,3-OXADIAZINE  are  produced  by  the  action  of  chloro- 
acetic  acid  chloride  or  its  alkyl  or  aryl  homologues  on  monoacylhydrazines 
(van  Alphen,  Rec.  47,  909;  48,  163,  417) : 


H2N 

0:CC1 


•NH 

CO-R 


■» 


NHs 


0:C/ 


N 


This  method  gives  l,4,3-oxadiazin~5(6)-ones;  with  oxalyl  chloride,  5,6-diones 
are  obtained  (van  Alphen,  Rec.  47,  673). 
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(c)  The  1,2,5,4-OXADIAZINES,  which  are  also  ring-homologues  of  the 
oxadiazoles,  are  prepared  by  condensation  of  isonitroso  ketones  with  aldoximes 
(Diels,  Basse,  Ber.  40,  4052) : 

OC  •  CH3  N— C(OH)  (CH3)— C  •  CHs 

CH3-CH:NOH  +  .  |  - >  ||  || 

HON :  C  •  CH3  CH3  •  C - O - N 

3,4, 6-Trimethyl- 1 , 2, 5, 4- 
oxadiazinol-4 

(d)  The  six-membered  1,2,6,4-OXADIAZINES  correspond  to  the  five- 

membered  1,2,5-oxadiazoles  or  furazans  (p.  160) .  Reduction  of  a,y-diisonitroso- 
jS-oxoglutaric  acid  ester  peroxide  gives  4-hydroxy-l, 2, 6-oxadiazine-3, 5-dicar  - 
boxylic  acid  ester:  % 

R02C  •  C— CO— C  C02R  R02C  •  C— C  (OH)  =C  •  C02R 

II  I  >0  - >  II  I 

N — O — N/  N - 0 - NH 


From  this  product  a  series  of  other  oxadiazine  derivatives  have  been  obtained 
(Henry,  Pechmann,  Ber.  26,  999). 


3.  Thiadiazines 

(a)  4-Phenyl-5,6-dihydro-l,4,3-thiadiazine-2(4)-thione,  m.p.  94°,  is  ob¬ 
tained  by  the  condensation  of  phenylthiocarbazic  acid  with  1,2-dibromoethane 
(Busch,  Ber.  27,  2516) : 

SC— SH  BrCH2  SC— S - CH2 

I  +  I  - >  I  I 

HN — NHC6H5  BrCH2  HN — N  (C6H5) — CH2 


A  similar  reaction  produces  2-imino-2,4-dihydro-l,4,3-thiadiazines  from  oc- 
bromoacetophenone  and  thiosemicarbazide  or  a  4-alkyl  derivative  of  it  [Bose, 
Ray-Chaudhury,  Quart.  J.  Indian  Chem.  Soc.  4  (1927),  257;  cf.  Bose,  ibid.  3 
(1926),  148]: 

HN :  C-SH  Br-CH2  HN:C— S— CH 

I  +  I  - >  I  II 

HN— NH2  OC-C6H5  HN-NH-C-C6H6 

These  thiadiazines  are  very  weak  bases.  They  form  no  acyl  derivatives,  and 
cannot  be  desulfurated. 

2-Amino-4-phenyl-l,4,3-thiazin-5(6)-one: 


OC— CH2— S 


C6H5N - N=C(NH2) 


m.p.  176°,  is  obtained  by  condensation  of  thiocyanoacetic  acid  with  phenyl- 
hydrazine  (Harries,  Klamt,  Ber.  33,  1154). 

(b)  The  products  of  the  reaction  of  formaldehyde  with  primary  aromatic 
amines  in  the  presence  of  H2S  are  derivatives  of  1,3,5,2-thiadiazine  [Levi,  Atti 
acad.Lincei  [6]  9  (1929),  790] : 


^CH2 

c6h5-n  n-c6h5 

+  II 

ch2o  ch2 
h2s 


/CH^ 

c6h5-n  n-c6h6 

I  I 

ch2  ch2 

\s/ 


Thialdines  (Vol.  I,  p.  247),  produced  by  the  action  of  ammonia  on  trithio- 
aldehydes,  are  derivatives  of  1,3,5-dithiazine. 
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IV.  SIX-MEMBERED  RINGS  WITH  FOUR 

HETERO  ATOMS 


TETRAZINES 


Of  the  three  possible  isomeric  tetrazines: 

HC=N— N 

(B)  |  || 

N=N — CH 

s-Tetrazine 
1,2,4,5-Tetrazine 

derivatives  of  only  the  first  two  are  known. 


(A) 


HC— N=N 


HC — N=N 

y-Tetrazine 

1,2,3,4-Tetrazine 


HC=N— CH 

(C)  |  || 

N=N — N 
1,2,3,5-Tetrazine 


(A)  2,3 -DIHYDRO -v-TETRAZINES,  osotetrazines,  are  prepared  by  oxida¬ 

tion  of  osazones : 


C6H6  •  C=N — NH  •  C6H5  C6H5  •  C=N — N  •  C6H5 

I  - >  I  I 

C6H5  •  C=N — NH .  C6H5  C„H6  •  C=N — N  •  C6H5 

Chloroglyoxal  osazone  and  its  homologues  are  converted  by  treatment  with 
alkali  into  diphenyl -2, 3-dihydro-v-tetrazines,  HC1  being  eliminated  ( Dieck - 
mann,  Platz,  Ber.  38,  2986) : 

HC=N — NHCeHs  _Hci  CH=N— N-C6H5 

I  - >  I  I 

C1C=N — NHC6H5  CH=N— N  •  C6H5 

When  heated  alone  or  with  mineral  acids,  the  2, 3 -dihydro-v -tetrazines  re¬ 
arrange  to  2, 1,3 -triazoles  (p.  147)  ( StolU ,  Ber.  59,  1742) : 


CH=N — N — C6H5 

I  I 

CH=N — N — C6H6 


HCl 
- > 


CH=N 

I 

CH=N 


•N — C6H5 


CH3 — C=N — N — COC6H5 

I  I 

CH3— C=N— N— COCeHs 


150o  CH3— C— Nx-N(COC6H5)2 

- >  II  >N 

CH3— C— 


5,6-Diphenyl-2,3-dihydro-y-tetrazine,  glyoxalosotetrazine ,  dark  red  flakes, 
m.p.  152°.  5,6-Dimethyl-2,3-diphenyl-2,3-dihydro-v-tetrazine,  m.p.  169°, 
bordeaux-red  needles.  5,6  -  Dimethyl -2, 3 -dibenzoyl  -2,3  -  dihydro  -v  -tetrazine, 
colorless  needles,  m.p.  140°. 

1 -Methyl-1, 2-dihydrobenzotetrazine,  m.p.  62°,  is  obtained  from  o-amino- 
phenylmethylhydrazine  with  nitrous  acfd  ( Henipel ,  J.pr.  41,  176) : 


/NH2 

c6h4<  +  no2h 

\N(CH3)— nh2 


/N=N 

<  I 

\N(CH3)— NH 


This  compound  corresponds  to  1,2,3-benzotriazine,  while  the  2-aryl-2,3-dihydro- 
benzotetrazines  are  analogous  to  the  1,2,4-benzotriazines.  They  are  prepared 
by  reduction  of  the  diazonium  salts  from  o-aminoazo  compounds  ( Zincke ,  Lawsen, 
Ber.  19,  1457;  Zincke,  Jaenke,  Ber.  21,  543) : 


,N2C1  .N— NH 

C,H/  - >  | 

\N=NC,H7  xN— NCjH, 

Azotoluene-2-diazonium  chloride  2-Tolyl-7-methyl-2,3- 

dihydrobenzotetrazine,  m.p.  168°. 
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(B)  s-TETRAZINES  are  formed  by  oxidation  of  their  dihydro  derivatives, 
and  are  characterized  by  their  deep  red  color. 

^N-N. 

s-Tetrazine,  1,2, 4, 5 -tetrazine,  CH<(  yCH,  purple-red  prisms,  m.p.  99°, 

\n=n/ 

sublimable,  is  prepd.  by  heating  its  dicarboxylic  acid  (see  below) .  Hydrogen 
sulfide  reduces  it,  with  loss  of  color,  to  dihydrotetrazine,  from  which  it  is  easily 
regenerated  by  oxidation  ( Curtius ,  Darapsky,  Muller,  Ber.  40,  84). 

3, 6-Dimethyl -s -tetrazine,  m.p.  74°,  blue-red,  from  acetonitrile  and  anhydrous 
hydrazine,  over  its  dihydro  derivative  (see  below;  Curtius,  Darapsky,  Muller, 
Ber.  48,  1633).  3,6-Diphenyl-s-tetrazine,  red  flakes,  m.p.  192°,  by  oxidation 
of  3,6-diphenyl-l,2-dihydro-s-tetrazine  (p.  325)  ( Pinner ,  Ber.  27,  984;  Pinner , 
Caro,  Ber.  27,  3273;  Muller,  Herrdegen,  J.pr.  102,  113).  Di-p-tolyltetrazine, 
m.p.  232°  ( loc .  cit.) ;  di-2-naphthyltetrazine,  m.p.  249°  ( loc .  cit) . 

s-Tetrazine-3,6-dicarboxylic  acid,  carmine-red  flakes,  is  prepared  by  the  oxida¬ 
tion  of  6fs-diazoacetic  acid  and  psewdo-diazoacetic  acid  or  their  amides  with  ni¬ 
trous  acid  or  bromine.  When  warmed  with  water,  it  decomposes  into  N2  and 
glyoxylhydrazino-oxalic  acid,  C02H-CH:N*NH-C0-C02H  ( Curtius ,  Darapsky, 
Muller,  Ber.  40,  1176). 

DIHYDRO -s-TETRAZINES.  There  are  four  possible  isomers: 

(I)  (II)  (III)  (IV) 

CH2 — N=N  CH=N - N  CH— NH— N  CH2 — N  =N 

II!  I  II-  II  I  I 

N=N— CH2  NH— NH— CH  N - NH— CH  NH— N=CH 

These  were  formerly  called  C-dihydrotetrazine,  N,v-dihydrotetrazine,  N,s-di- 
hydrotetrazine  and  C,N -dihydrotetrazine;  they  are  now  known  as  3,6-,  1,2-, 
2,5-,  and  1,6-dihydro-s-tetrazine. 

The  1,2-dihydrotetrazines  are  readily  oxidized  to  the  corresponding  tetrazines, 
from  which  they  can  be  obtained  by  reduction.  When  heated  with  concentrated 
acids,  they  are  converted  to  4-amino-4,l,2-triazoles  (p.  156),  which  are  then 
partially  hydrolyzed  to  1,3,4-oxadiazoles  (see  p.  163): 


N=CH— NH 

I  I 

N=CH — NH 


■> 


N=CH 

I 

N=CH 


-N-NH2  - > 


N=CH 

I 

N=CH 


•O 


1,2-Dihydro-s-tetrazines  are  hydrolyzed  by  warm  water  or  warm  dilute  acids; 
the  two  nitrogens  linked  by  a  single  bond  are  converted  to  hydrazine,  while  the 
two  joined  by  a  double  bond  are  split  off  as  free  nitrogen  (Vol.  I,  p.  458;  Muller, 
Herrdegen,  J.pr.  102,  123) : 


/N - Nv 

ho2c-c^  >c-co2h 

\NH-NH/ 


l,2-Dihydro-s-tetrazine-3,6-dicar- 
boxylic  acid  =  jBts-diazoacetic  acid 


/N-NHV 

ho2c-c^  >ch-co2h 

\n=n/ 


l,6-Dihydro-s-tetrazine-3,6-dicar- 
boxylic  acid  =  Pseudo-diazoacetic 
acid 


*  ho2c-co2h 


>  ho2c-cho 


h2n— nh2 

ho2c-co2h 

h2n— nh2 


h2n— nh2 
n2 


ohc-co2h 


/N - N\ 

1,2-Dihydro-s  -tetrazine,  CH^  yCIT,  bright  yellow  prisms,  m.p. 

\nh-nh/ 

126°,  is  obtained  bv  reduction  of  s-tetrazine  with  hydrogen  sulfide.  When  fused, 
it  rearranges  to  4-amino-4, 1,2-triazole  (see  above) .  It  is  decomposed  by  mineral 
acids  into  hydrazin  j  and  formic  acid  ( Curtius ,  Darapsky,  Muller,  Ber.  40,  821). 

A  general  meth  )d  for  the  preparation  of  dihydro-s-tetrazincs  is  the  reaction  of 
hydrazines  with  nitriles: 
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CeHs-C^  ^C-C6H5 

h2n-nh2 


/NH  HN% 


->  c6h5-c  c-c6h5 

NsTH-NH^ 


/ 

-»  c6h6-c 


N - No 


c-c6h5 

^NH-NH^ 


However,  in  many  cases  aminotriazoles  are  formed  ( Hinsberg ,  Ber.  48,  1614; 
Muller,  Herrdegen,  J.pr.  102,  113). 

The  polymerization  products  of  diazoacetic  ester  are  the  intermediates  for  the 
formation  of  the  simpler  s-tetrazine  and  dihydro-s-tetrazine  derivatives  ( Curtius , 
Darapsky,  Muller,  Ber.  41,  3161;  Vol.  I,  p.  458).  When  diazoacetic  ester  is 
treated  with  cold  concentrated  alkali,  the  product  is  the  tripotassium  salt  of  1,6- 
dihydro-s-tetrazine-3,6-dicarboxylic  acid,  pseudo-diazoacetic  acid  (I),  from 

.N-NKv  >N - Nx 

(I)  K02C-C<  >CH-C02K  H02C-C^  V>C02H  (II) 
\N=n/  \NH-NH/ 


which  the  free  acid  has  not  yet  been  obtained.  When  heated  with  con¬ 
centrated  alkali  the  latter  compound  rearranges  to  1,2-dihydrotetrazinedi- 
carboxylic  acid;  bis -diazoacetic  acid  (II),  which  is  also  formed  directly  by  the 
action  of  warm  concentrated  alkali  on  diazoacetic  ester.  Prolonged  heating  with 
concentrated  aqueous  KOH  solutions  converts  l,6-dihydro-s-tetrazine-3,6-di- 
carboxylic  acid  to  a  mixture  of  N -aminolriazoledicarboxylic  acid  and  C-amino- 
triazolemonocarboxylic  acid  (p.  157).  l,2-Dihydro-s-tetrazine-3,6-dicarboxylic 
acid  decomposes  on  fusion  into  C02  and  dihydrotetrazine;  the  latter  rearranges 
immediately  into  N-aminotriazole. 

C6H5C=N - N 

1,2 -Dihydro -3 ,6 -diphenyl -s-tetrazine,  |  ||  ,  m.p.  191  °,  yellow 

NH-NH-CC6H5 

needles,  is  obtained  by  the  action  of  excess  hydrazine  on  benzimidic  acid  ester  or 
benzonitrile  ( Muller ,  Herrdegen,  J.pr.  102,  113).  It  is  converted  to  diphenyl- 
tetrazine  (p.  324)  by  mild  oxidizing  agents,  even  by  the  oxygen  of  the  air;  the 
reverse  reaction  is  effected  by  reduction  with  zinc  dust  and  glacial  acetic  acid. 
When  digested  with  hydrochloric  acid,  the  diphenyldihydrotetrazine  gives  both 
diphenyl-1, 3, Moxadiazole  (p.  164)  and  4 -arninodipheny M,  1,2^ -triazole  (p.  156). 
For  other  3,6-diaryl-l,2-dihydro-s-tetrazines,  see  Muller,  Herrdegen,  J.pr.  102, 
140/. 

l,3,4,6-Tetraphenyl-l,4-dihydro-s-tetrazine,  yellow  needles,  m.p.  204°,  is 
prepared  from  phenylnitroformaldehyde  hydrazone  (the  coupling  product  of 
phenylnitromethane  with  benzenediazonium  chloride)  with  sodium  methylate, 
or  from  benzaldehyde  phenylhydrazone  or  dehydrobenzylidenephenylhydrazone 
with  sodium  alcoholate  and  iodine  ( Bamberger ,  Grob,  Ber.  34,  523) . 

1,2,4,5-Tetraphenylhexahydro-s-tetrazine,  (C6H5)2N2(CH2)2N2(C6H5)2,  m.p. 
200°,  from  hydrazobenzene  and  formaldehyde  ( Bischoff ,  Ber.  31,  3250;  Rassow, 
Rulke,  J.pr.  65,  97). 

A  derivative  of  hexahydro-s-tetrazine  is  formed  from  phenyldibenzylcarbo- 
hydrazidecarboxylic  acid  ester  with  alcoholic  KOH  (Busch,  Ber.  34,  2311) : 


N  (C6H5)— NH— COOR  N  (C6H5)— NH— CO 

I  - >  I  I 

CO— N  (C7H7) — NH  (C7H7)  CO— N  (C7H7) — N  (C7H7) 

Pentazines,  compounds  containing  five  nitrogen  atoms  and  one  carbon  atom 
in  their  ring,  are  not  known  (cf.  Stolid,  J.pr.  114,  348) . 
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E.  COMPOUNDS  WITH  HETEROCYCLIC 
RINGS  OF  MORE  THAN  SIX  MEMBERS 


As  in  carbocyclic  compounds,  heterocyclic  compounds  with  more 
than  six  members  in  their  rings  are  relatively  scarce  (c/.  p.  4).  How¬ 
ever,  due  to  the  multiplicity  of  reaction  conditions  which  produce 
heterocyclic  rings,  it  has  been  possible  to  prepare  such  rings  with 
seven,  eight,  and  more  members.  A  systematic  treatment  of  these 
substances,  whose  chemical  behavior  has  not  been  fully  investigated, 
is  impractical.  Therefore  a  summary  of  the  compounds  is  given  here. 
Note  the  occurrence  of  systems  in  which  a  benzene  ring  is  condensed 
with  a  hetenvring  in  the  meta-position. 


I.  SEVEN-MEMBERED  HETEROCYCLIC  RINGS 


(The  systematic  names  derived  from  the  rules  in  “The  Ring  Index”  are  given  in 

parentheses.) 


ch2— ch2— ch 

CH2— CH2— CH 

(Hexahydroazepine) 
Hexamethylenimine  (v.  Braun, 
Steindorff,  Ber.  38,  3091) 

C6H4— COv  c6h4— cov 

I  >0  |  >NH 

C6H4— CO/  C6H4— CO/ 

(5,7-Dihydrodibenz [c,e  joxepin-  and 
azepine-5,7-dione) 

Diphenic  acid  anhydride  and  imide 
(Vol.  Ill,  p.  506) 


CH2 — CH2 — CH 

I 

CH2 — ch2 — CO 

(Hexahydroazepinone-2) 
e-Caprolactam  (Vol.  I,  p.  451) 


CH2— C6H4 

I 

ch2— c6h4 

(10,1  l-Dihydro-5-dibenz  [b,f]  azepine) 
Iminodibenzyl  ( Thiele ,  Holzinger, 
Ann.  305,  100) 


ch2-nh-ch2. 

I 

ch2-nh-ch2- 


■ch2 


(Hexahydro-l,4-diazepine) 
Ethylenetrimethylenediamine  ( H ow- 
ard,  Marckwald,  Ber.  32,  2041) 


/NH-CHjv 

c6h4<  >ch2 

'  Nnetch/ 

(2,3,4, 5-T  etrahy  dro-1, 5-benzodiazepine) 
o-Phenylenetrimethylenediamine 
( Hinsberg ,  Simpler ,  Ann.  287,  220) 


/NH  -C(CH3)v 
C6H4<  >CH 

\N=C(CH3)/ 

(2, 4-Dimethyl-l ,  5-benzodiazepine) 
(Thiele,  Steimmig,  Ber.  40,  955) 


( 1 , 5-Benzodiazepine-2, 4  (3, 5)  -dione) 
o-Phenylenemalonimide  (Meyer, 
Maier,  Ann.  327,  26) 


CH2-CH2-N 


CH2-CH2-NH' 


CCHa 


(2-Methy  1-4, 5 , 6, 7-tetrahy  dr  o- 1 , 3- 
diazepine) 

Ethenyltetramethylenamidine  (Haga, 
Majlma,  Ber.  30,  338) 


HN 


CH2 - ch2. 

ch2-ch2-ch2< 


NH 


Homopiperazine 
(Hexahydro-l,4-diazepine) 
(v.  Braun,  Goll,  Ber.  00.  339) 
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/CH2-Sv 

C6H4<  >C(CH3)2 

xCH2-S/ 

(3 , 3-Dimethyl- 1 , 5-dihydro-2, 4, 3- 
benzodithiepin) 

Acetone  o-xylylenemercaptal 
( Autenrieth ,  Hennings,  Ber.  34,  1775) 

/CH2 - CH2v 

c6h4<  >co 

xN(C2H5)-NH/ 

( 1-Ethy  1-4, 5-dihydro- 1 , 2-benz  o- 
diazepin-3  (2) -one) 

N -Ethylhydrocarbostyril  ( Fischer , 
Ann.  301,  282) 


/NH- 

C6H4< 


-COv 
>NH 


CeH4-NHv 

I  >CO 

c6h4-nh/ 

(Dibenzo  [d,f  ]  [  1 , 3  ]-diazepin-6  (7)-one) 
Carbonyl-o,o'-diaminodiphenyl 
(v.  Niementowski,  Ber.  34,  3330) 


-CO 


✓NH - 

C6H4<  >NH 

XJH2-N(C«H6K 

(4-Phenyl-4, 5-dihy  dro-1 , 3, 4- 
benzotriazepin-2(3)-one) 
Carbonyl-o-aminobenzylphenylhydra- 
zine  {Busch,  Ber.  27,  2897) 


C6H/ 


CH2— C(CH3) 


'CO-N(C6H5  y 

(4-Phenyl-l,3,4-benzotriazepine- 

2,5(3,4)-dione) 

Carbonyl-o-aminobenzoylphenyl- 
hydrazine  ( Rupe ,  Roesler,  Ann.  301, 
93) 

/CH2.C(C6H5k 

c«h/  >n 

xCO - O - / 

(4-Phenyl-2,3-benzoxazepin-l(5)-one) 
Desoxybenzoin-o-carboxylic  acid 
lactazone  ( Gabriel ,  Ber.  18,  2449) 

CH2 — N  (C6H5) — NHV 

I  >CO 

CH2— N(C6H5)— nhx 

(1 , 5-Diphenyl-l ,  5, 6, 7-tetrahydro- 
2, 1 , 4, 5-tetrazepin-3  (4)  -one) 
Carbonylethylenediphenylhydrazine 
(. Hischmann ,  Ann.  310,  156) 


\CO— N(C6H5)' 
(2-Phenyl-4-methyl-2,3,5-benze- 
diazepin-1  (2)-one) 

Methyl  benzyl  ketone-o-carboxylic 
acid  phenyllactazam  {Gottlieb,  Ber. 
32,  966) 

N — C6H4v 
II  >CH2 

N— C6H4/ 

(ll-Dibenzo[c,/][l,2]diazepine) 
Azodiphenylmethane  {Freundler, 
C.r.  136,  1136) 

CH2 — N  (C6H5) — NHX 
I  >C0 

CO — N(C6H5)—  nh/ 

( 1 , 5-Diphenyl- 1 , 7-dihydro-2, 1,4,5- 
tetrazepine-3,6(4,5)-dione) 
Carbonylphenylhydrazidoacetphenyl- 
hydrazide  {Kneuppel,  Ann.  310,  87). 


II.  EIGHT-MEMBERED  HETEROCYCLIC  RINGS 


ch2-ch2-ch2-co 

I  I 

ch2-ch2-ch2-nh 

(Octahydro-2-azocinone) 
Isosuberonoxime  (Vol.  I,  p.  562) 


C6H4 - NH-CO 

I  I 

NH-CO-CH2.CH2 
(3, 4-Dihydro- 1, 6-benzodiazocine- 
2,5(l,6)-dione) 

o-Phenylenesuccinamide  {Meyer, 
Maier,  Ann.  327,  21) 


/NH— COv 
C6H4<  >c6h4 

xCO— NIK 


(Phenhomazine-6, 12(5, 1 1)  -dione) 
Dianthranilide 


ch2.ch2-nh-ch2 

I  I 

ch2-nh-ch2-ch2 

(Octahy  dro-1, 5-diazocine) 
Bistrimethylenediamine  {Howard, 
Marckwald,  Ber.  32,  2038) 

C6H4- NH-CO 

I  I 

NH-CO  -  C6H4 

(Dibenzo  [b,f  ]  [  1 , 4  ]-diazocine- 
6,ll(5,12)-dione) 
o-Phenylenephthalamide  {Meyer, 
Maier,  Ann.  327,  41) 

/0—COv 

C6H4<  >c6h4 

xCO— 0/ 

(Dibenzo  [b,  f][  l,5]dioxocin-6,12-dione) 
Disalicylide 
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C6H4— N=CC6Hb 

!  I 

c6h4— n=cc6h6 

(6,7-Diphenyldibenzo  [e,g  ]  [1,4  ]- 
diazocine) 

Diphenyldiphenoquinoxaline 
Tauber ,  Ber.  26,  1704) 


.CH2-CH2^ 
de'H4  NH 

\ch2-ch/ 


( v .  Braun ,  Karpf,  v.  Gam ,  Ber.  53, 
98) 


III.  HETEROCYCLIC  RINGS  WITH  MORE  THAN 

EIGHT  MEMBERS 


CO-NH 

I 

CO-NH 


(l,2-Diazacvclododecane-3,12-dione) 
sym- Sebacic  acid  hydrazide  (Vol.  I, 
p.  563) 


/co\ 

(CH2)8<  >nc6h4nh2 


(l-o-AnilinoazacyclohQndecane-2,11- 

dione) 

Sebacic  acid  o-aminoanil  {Meyer,  Ann. 
327,  13) 


Sebacic  acid  o-phenylenediamide 
{Meyer,  Ann.  327,  13) 


/CH2-NH-CH2.CH2v 

c6h4<  >ch2 

xch2-nh-ch2-ch/ 


o-Xylylenepentamethylenediamine 
{Scholtz,  Ber.  31,  1700) 


CH2*CH2-NH-CH2-CH2. 

h2  ch2 

\cH2  •  CH2  •  NH  •  CH2  •  Ch/ 


dH 


(1,7-Diazacyclododecane) 

Bispiperidine 

{v.  Braun,  Blessing,  Zobel,  Ber.  57,  185) 


yCH2  •  S  •  C(CH3)2  •  S  •  CH2. 
CeH4[l,3]  [1,3JC6H4 

\ch2  •  S  •  C  (CH3)2  •  S  •  CH2/ 
{Autenrieth,  Beuttel,  Ber.  42,  4357) 


R02C-C<^ 


N — NH-C6H4 
N=N— i6H4 


Cycjoformazylcarboxylic  acid  ester 


//S-CH2-C6H4.CH2-S. 

C»H4[1,3]  [1,3]C«H4 

X'S-CH2-C«H4-CH2-S/ 

{Reindel,  Schuberth,  Ber.  57,  370) 


F.  PLANT  ALKALOIDS* 


Certain  compounds  occuring  in  the  juices  of  plants  have  long  ex¬ 
cited  the  curiosity  of  men,  partly  because  of  their  curative  action,  but 
more  especially  because  of  their  pronounced  poisonous  effect.  Their 
isolation  from  the  various  parts  of  plants  was  therefore  undertaken 
quite  early  in  the  development  of  organic  chemistry.  The  first  ad¬ 
vance  in  this  direction  was  the  isolation  of  morphine  (1806)  from  opium 
by  the  apothecary  Friedrich  Wilhelm  Serturner.  Closer  investigation 

*  W inter stein-T rier ,  Die  Alkaloide  (Borntraeger,  Berlin,  1927).  T .  A.  Henry, 
The  Plant  Alkaloids  (Blakiston,  Philadelphia,  1939).  R.  Wolffenstein,  Die 
Pflanzenalkaloide  (Springer,  Berlin,  1922).  J .  Schwyzer,  Die  Fabrikation  der 
Alkaloide  (Springer,  Berlin,  1927). 
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disclosed  that  morphine  was  an  alkaline  substance,  and  that  the 
basicity  was  due  to  the  nitrogen  content  of  the  molecule,  results  that 
were  startling  at  the  time.  These  first  important  chemical  facts  to 
be  known  caused  W.  Meissner  (1818)  to  name  the  basic  compounds 
isolated  from  plants  alkaloids,  that  is,  substances  resembling  alkalis. 
The  original  concept  of  the  term  alkaloid  was  broadened  by  subse¬ 
quent  investigations  to  include  other  curative  or  very  poisonous  com¬ 
pounds  containing  nitrogen  which  had  been  isolated  from  plants,  but 
which  did  not  possess  basic  properties.  The  discovery  of  morphine 
prompted  the  investigation  of  other  saps  and  led  to  the  isolation  of  a 
large  number  of  alkaloids.  The  following  table  gives  the  date  of  dis¬ 
covery  of  the  most  important  of  these : 

1806  Morphine  ( Sertiirner ) 

1817  Narcotine  ( Robiquet ) 

1818  Strychnine  ( Pelletier ,  Caventou) 

1819  Brucine  ( Pelletier ,  Caventou) 

1819  Piperine  ( Oerstedt ) 

1820  Quinine  ( Pelletier ,  Caventou) 

1820  Cinchonine  (Pelletier,  Caventou) 

1826  Berberine  (Chevallier,  Pelletan) 

1827  Coniine  (Giesecke) 

1828  Nicotine  (Posselt,  Reimann) 

1831  Atropine  (Mein) 

1832  Codeine  (Robiquet) 

1833  Colchicine  (Geiger,  Hesse) 

1848  Papaverine  (Merck) 

1860  Cocaine  (Niemann) 

1875  Pilocarpine  (Hardy) 

1921  Lobeline  (Wieland) 

From  the  foregoing  list  it  is  obvious  that  the  original  definition  of  “alkaloid” 
soon  became  too  narrow;  today  it  is  impossible  to  formulate  a  simple  definition 
broad  enough  to  include  all  the  compounds  now  classed  as  alkaloids. 

Many  vegetable  compounds  containing  nitrogen  are  treated  in  other 
parts  of  this  series:  caffeine,  theobromine  (Yol.  I,  pp.  643,  644), 
hordenine,  ephedrine  (Vol.  Ill,  pp.  337,  401),  stachydrine,  and  many 
other  pyrrolidine  compounds  (p.  49).  This  section  will  cover  the 
important  plant  alkaloids  of  complicated  structure  based  on  the 
heterocyclic  ring-systems  described  in  this  volume. 

Many  alkaloids  have  not  only  their  nitrogen  content  in  common, 
but  also  certain  precipitation  reactions.  Many  are  precipitated  by 
tannic  acid,  phosphotungstic  acid,  or  phosphomolybdic  acid,  many 
form  sparingly  soluble  double  salts  with  platinum  chloride  or  mercury 
potassium  iodide.  In  a  number  of  cases  color  reactions  with  chlorine 
water,  concentrated  nitric  acid  or  concentrated  sulfuric  acid  serve  to 
identify  alkaloids. 

The  alkaloids  occur  almost  exclusively  in  plants  of  the  dicotyledon 
family.  A  few,  such  as  colchicine,  have  been  isolated  from  mono¬ 
cotyledons.  They  often  occur  in  plant  saps  combined  with  malic 
acid,  citric  acid,  aconitic  acid,  tannic  acid,  or  the  like. 
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The  alkaloids  include  derivatives  of  very  varied  types  of  com¬ 
pounds.  Some  are  true  bases  (secondary  and  tertiary  amines  and 
ammonium  compounds),  while  in  others  the  nitrogen  performs  no 
basic  function  (acid  amides).  There  are  members  of  a  great  variety 
of  ring-systems  among  them ;  the  most  common  are  pyridine,  quino¬ 
line,  and  isoquinoline,  but  derivatives  of  imidazole  and  pyrrolidine 
also  occur  frequently.  In  some,  the  ring-system  is  a  combination  of 
two  heterocyclic  rings:  piperidine  and  pyrrolidine  in  the  tropane 
alkaloids,  two  piperidine  rings  in  alkaloids  of  the  pomegranate  root 
bark,  pyridine  with  indole  in  harmaline  and  harmine,  isolated  from 
Peganum  harmala  (p.  378). 

Usually  several  chemically  related  alkaloids  occur  in  the  same  plant 
sap.  Cocaine  is  accompanied  by  hygrine,  whose  structure  is  similar: 


HoC 


H2C 


-CH - CH  •  COOCH3 

I  I 

N-CHs  CH-O-CO-CeHs 

I  I 

-CH - CH2 

Cocaine 


H2C- 


HoC 


-CH 

I 

n-ch3 

I 

-CH - 


Hygrine 


CH3 

I 

CO 

I 

ch2 


The  alkaloids  associated  with  morphine  in  opium,  however,  are  de¬ 
rived  from  1-benzylisoquinoline :  ♦ 


This  structural  relationship  among  the  alkaloids  of  the  same  plant 
indicates  that  the  plant  synthesizes  them  from  the  same  or  very 
similar  starting  materials  according  to  a  single  principle.  As  starting 
materials  the  plants  can  use  cleavage  products  of  proteins,  carbo¬ 
hydrates,  and  their  decomposition  products  (C6-  and  C3-chains),  and 
perhaps  also  formaldehyde.  For  investigations  of  the  reaction  mecha¬ 
nism  of  the  synthesis  of  alkaloids  by  plants,  see  Pictet ,  Spengler,  Ber. 
44,  2032;  Emde,  N.  1929,  699. 

A  number  of  alkaloids  have  been  synthesized  in  the  laboratory. 
Ladenburg  (1886)  prepared  the  relatively  simple  coniine  and  separated 
it  into  its  optically  active  components  with  tartaric  acid.  This  first 
synthesis  was  followed  by  others  of  more  complicated  alkaloids :  nico¬ 
tine  {Pictet),  tropane  alkaloids  (Willstdtter) ,  and  many  members  of  the 
isoquinoline  series  ( Spath  and  others). 

It  is  very  difficult  to  make  an  adequate  systematic  division  of  the 
alkaloids.  A  truly  adequate  system  will  be  possible  only  when  the 
biogenic  synthesis  of  alkaloids  is  understood  sufficiently  to  permit  the 
separation  of  these  compounds  into  families  according  to  their  natural 
genetic  relationship.  The  beginnings  of  such  a  system  have  already 
been  made  (see  above).  The  classification  used  here  is  necessarily 
based  on  purely  external  evidence  of  the  constitution  of  the  alkaloids, 
such  as  the  ring-systems  occurring  in  their  decomposition  products, 
and  therefore  is  far  from  ideal. 
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I.  ALKALOIDS  OF  THE  PYRROLIDINE  GROUP 


This  group  includes  several  alkaloids  which  have  been  found  together  with 
cocaine: 

Hygrine,  C8H16N,  b.p.  92-94°  (20  mm.),  [<*]d  —1-3°;  picrate,  m.p.  158°. 

Hygrine  forms  a  crystalline  oxime  (m.p.  116°)  ( Liebermann ,  Kiihling,  Ber.  26, 
851)  and  is  oxidized  by  chromic  acid  to  hygrinic  acid,  l-methylpyrrolidine-2- 
carboxylic  acid  (p.  49;  Liebermann,  Cybulski,  Ber.  28,  582;  Willstatter,  Ettlin- 
ger,  Ann.  326,  123),  which  gives  1-methylpyrrolidine  when  decarboxylated. 
These  facts,  together  with  the  ketone  properties  and  empiric  formula  of  hygrine, 
point  to  this  structure : 

H2C - CH2 

HoC  CH-CH2COCH3 

\  / 

N 

iiL 

(Hygrine  =  l-Methyl-2-acetonylpyrrolidine) 


This  formula  has  been  verified  by  the  synthesis  of  dLhygrine  (Hess,  Ber.  46,  3113, 
4104). 

Cuskhygrine,  C13H24ON2,  b.p.  185°  (32  mm.),  optically  inactive,  occurs  in 
cuzco  leaves.  This  alkaloid  is  also  a  ketone  (oxime,  m.p.  54°),  and  both  of  its 
nitrogen  atoms  are  tertiary.  It  oxidizes  to  hygrinic  acid.  Its  structure  is  given 
by  the  following  formula  (Hess,  Fink,  Ber.  53,  781;  Hess,  Anselm,  Ber.  54, 
2310) : 


CH3  . 


I 

h2c — ch2  CO  ch2 

I  I  I  I 

h2c  ch— ch— ch 


/ 

N 


— ch2 

ch2 

,  / 

N 

CHS 


(Cuskhygrine  =  a,a-Di-(l-methyl-2-pyrrolidinyl)-acetone) 


Stachydrine,  see  p.  49. 
Nicotine,  see  p.  336. 


II.  ALKALOIDS  OF  THE  PYRIDINE  GROUP 


TRIGONELLINE,  nicotinic  acid  methylbetaine ,  (I),  m.p.  218°,  anhydrous, 
occurs  in  the  fenugreek  seeds  of  Trigonella  foenum  graecum  and  in  very  small 
amounts,  together  with  choline,  in  the  seeds  of  peas,  Pisum  sativum,  of  hemp, 
Cannabis  sativa,  and  of  Strophanthus  types  (Thoms,  Ber.  31,  271);  it  has  also 
been  detected  in  several  kinds  of  coffee  (Garter,  Ann.  372,  239).  Jahns  has 
proved  that  trigonelline  is  identical  with  the  nicotinic  acid  betaine  synthesized 
by  Hantzsch  in  1886  (Schulze,  Frankfurt,  Ber.  27,  769) . 

ARECAIDINE  (arecaine),  C7HhN02,  1 -methyl tetrahydronicotinic  acid  (II), 


(I) 


CO- 


-o 


c - CH 

CH<f  ^>N — CH3 

\CH=CH" 


CH2— CH=CCOOH 

I  I 

CH2-N(CH3)-CH2 


(II) 


m.  p.  232°  (Hess,  Leibbrandt,  Ber.  52,  206),  is  found  together  with  arecoline, 
C8H13N02,  b.p.  220°  (principal  constituent),  and  guvacine,  C8H9N02,  m.p. 
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293°  ( Winterstein ,  Weinhagen,  Z.  physiol.  Chem.  104,  48),  in  the  betel  nut  of 
Areca  catechu,  where  arecolidine,  C8H1302N,  m.p.  110°  [Emde,  Apoth.Ztg.  30 
(1915),  2401,  and  guvacoline,  b.p.  114°  (23  mm.)  (Hess,  Ber.  51,  1004),  have 
also  been  detected.  Arecaidine  has  been  synthesized  from  1 -methyl-1, 2,5,6- 
tetrahydro-3-pyridinecarboxaldoxime  (p.  220)  by  conversion  to  the  nitrile  and 
then  saponification  (Wohl,  Johnson ,  Ber.  40,  4712).  It  is  also  formed,  together 
with  its  dihydro  derivative,  dihydroarecaidine,  1  -methylhexahydronicotinic  acid, 
from  the  methyl  chloride  addition  product  of  nicotinic  acid  ester  by  reduction 
with  tin  and  hydrochloric  acid.  When  saponified  with  methanol  and  HC1,  it 
yields  arecoline,  b.p.  209°,  which  regenerates  arecaidine  on  saponification  and  is, 
therefore,  1  -methyl-tetrahydronicotinic  acid  methyl  ester  ( Jahns ,  Arch.Pharm.  229 
(1882),  669;  W  illstdtter ,  Ber.  30,  729;  Meyer,  Mo.  23,  22). 

Guvacine,  C6H9N02,  and  guvacoline,  C7HnN02,  are  the  corresponding  (methyl- 
free)  tetrahydronicotinic  acid  (Freudenberg ,  Ber.  51,  976;  Hess,  Ber.  51,  1004) 
and  its  methyl  ester  (Hess,  Ber.  51,  1004).  Methylation  converts  them  to  the 
methyl  iodide  addition  product  of  arecoline.  The  constitution  of  arecolidine  is 
not  entirely  clear. 

PIPERINE,  C17H19NO3,  (III),  m.p.  128°,  optically  inactive,  occurs  in  different 
varieties  of  pepper,  the  fruit  of  Piper  nigrum  and  Piper  longum.  When  digested 
with  alcoholic  KOH,  it  decomposes  into  piperidine  (p.  220)  and  piperic  acid;  it 
dissolves  in  concentrated  sulfuric  acid  to  a  dark  red  solution. 


xCH2— CH2x  /[3]Ov 

(III)  CHo<  >N-CO-CtI:CH-CH:CH[l]C6H3<  >CH2 

xCH2— CH/  x[4]CK 


Since  the  two  decomposition  products  of  piperine  have  been  prepared  from  their 
elements,  and  piperine  has  been  synthesized  from  them  by  the  reaction  of  piperic 
acid  chloride  with  piperidine,  the  constitution  of  piperine  is  known  without  doubt 
(Ladenburg,  Scholtz,  Ber.  27,  2958).  Artificial  piperines  have  been  obtained 
from  the  chlorides  of  synthetic  2-alkyl-  and  2-phenylpiperic  acids  (Scholtz, 
Ber.  28,  1195).  Tetrahydropiperine,  Ci7H23N03,  b.p.  280°  (16mm.)  (Borsche, 
Ber.  44,  2942) . 

In  connection  with  the  constitution  of  piperine,  experiments  have  been  per¬ 
formed  to  determine  the  relation  between  constitution  and  pepper  taste  (Staudin- 
ger,  Ber.  56,  699) .  It  was  found  that  the  sharp  pepper  taste  is  a  property  of  the 
acid  amide  structure,  especially  when  the  nitrogen  is  a  member  of  a  piperidine  ring. 
As  acid  components  aliphatic -aromatic  carboxylic  acids  increase  the  pepper  taste. 
However,  capsaicine  (IV),  Ci8H2703N,  m.p.  65°,  the  sharp  constituent  of  the 
Capsicum  fruit  (paprika),  is  an  acid  amide,  but  does  not  contain  a  piperidine  ring 


HzCO/% 


HO 


— CH2  •  NH  •  CO  •  [CH2  ]4  •  CH :  CH  •  CH  (CH3)2  (IV) 


V 


(Nelson,  Am.  41,  1115,  1472,  2121;  42,  597;  Nelson,  Dawson,  Am.  45,  2179). 
Capsaicine  decomposes  on  hydrolysis  to  4-hydroxy-3-methoxybenzylamine  and 
an  isodecylenic  acid .  The  complete  synthesis  of  capsaicine  has  been  accomplished 
by  Spalh  (Ber.  63,  737). 

CONIINE  (V),  2 -n-propylpiperidine,  C8Hi7N,  b.p.  165.8°,  d 20 
0.844,  [ajp  =  +15.7°,  is  found  together  with  N-methylconiine, 
b.p.  176°,  7-coniceine  (VI),  b.p.  172°  ( v .  Braun,  Steindorff,  Ber.  38, 
3094;  synthesis:  Gabriel,  Ber.  42,  4059),  conhydrine  and  pseudocon¬ 
hydrine  (p.  334)  in  hemlock,  Conium  maculatum,  especially  in  the 
seeds.  For  the  separation  of  these  alkaloids,  see  v.  Braun,  Ber.  38, 
3108.  Coniine  is  a  colorless  liquid  with  a  stupefying  odor;  it  is  a 
very  powerful  poison. 

/CH2— CH  ^-CHoCH2CH3  /CH=C(C3H7)X 

(V)  CH<  >NH  CH<  >NH  (VI) 

XCH2— CH/  VCH2 - CH/ 
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History. — Coniine  was  discovered  by  Giesecke  in  1827.  In  1881  A  .  W.  Hofmann 
determined  its  molecular  weight,  and  in  1884  he  demonstrated  that  it  is  converted 
to  conyrine  or  2-propylpyridine  by  distillation  over  zinc  dust.  Hofmann  proved 
the  2-position  of  the  propyl  group  by  oxidation  of  the  propylpyridine  to  picolinic 
acid.  The  synthesis  of  optically  inactive  coniine  and  its  resolution  into  d-  and  l- 
coniine,  which  comprised  the  first  complete  synthesis  of  an  optically  active  plant 
alkaloid,  were  accomplished  by  Ladenburg  in  1886  (Ber.  22,  1403) . 

Decomposition  of  Coniine. — Reduction  of  natural  d-coniine  (I)  with  HI  yields 
n-octane  (II)  and  NI43  ( Hofmann ,  Ber.  18,  13).  The  distillation  with  zinc  dust 
gives  conyrine  (III),  2-n-propylpyridine,  which  is  converted  by  reduction  with 
sodium  and  alcohol  to  the  inactive  d^-coniine,  and  by  oxidation  to  picolinic  acid, 
pyridine-2-carboxylic  acid  (IV).  The  N-carbethoxy  derivative  of  coniine  (V) 
is  oxidized  by  nitric  acid  to  carbethoxyconiinic  acid,  7-carbethoxyaminoenanthic 
acid  (VI)  ( Schotten ,  Ber.  15,  1947),  which  yields  coniinic  acid  when  heated  with 
hydrochloric  acid.  1-Benzoylconiine  (VII)  is  oxidized  by  KMn04  to  benzoyl- 
homoconiinic  acid,  7-benzoylaminocaprylic  acid  (VIII),  and  a-benzoylamino- 
valeric  acid.  With  PCI5  benzoylconiine  gives  1,5-dichlorooctane  (IX)  (v.  Braun , 
Schmitz ,  Ber.  39,  4365).  Nitrous  acid  converts  coniine  to  nitrosoconiine  (X), 
which  decomposes  when  heated  with  phosphorus  pentoxide  into  water,  nitrogen, 
and  conylene  (XI).  Coniine  adds  methyl  iodide  to  form  1,1-dimethylconiinium 
iodide  (XII),  which  is  transformed  by  aqueous  sodium  hydroxide  to  the  so-called 
dimethylconiine,  C8H15N(CH3)2  (XIII).  The  latter  is  not  a  single  compound, 
but  a  mixture  of  a  little  methylconiine  and  two  isomeric  bases  formed  by  splitting 
the  piperidine  ring  between  the  N  and  2-C  atom  and  between  the  N  and  6-C 
atom,  respectively.  With  methyl  iodide  these  isomeric  bases  give  iodides,  (XIV) , 
which  are  hydrolyzed  by  silver  oxide  to  the  so-called  trimethylconiinium  hydrox¬ 
ide  (XV) ;  the  latter  decomposes  on  distillation  into  water,  trimethylamine  and 
conylene  (XI).  Dimethylconiine  reacts  energetically  with  hydriodic  acid;  re¬ 
duction  of  the  hydriodide  so  formed  gives  a  mixture  of  two  saturated  bases,  one 
of  which  has  been  identified  by  means  of  its  methyl  iodide  addition  product  with 
dimethyl-n-octylamine  ( Mugdan ,  Ann.  298,  131) : 
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Synthesis  of  Coniine  (Ladenburg ,  Ber.  22,  1404;  40,  3734;  Hess,  Weltzien,  Ber. 
53,  145) . — The  synthesis  of  coniine  starts  with  the  preparation  of  glycerol,  either 
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from  acetic  acid  or  from  nitromethane  (Vol.  I,  p.  580) .  Glycerol  is  converted  to 
3-bromopropene,  which  is  treated  with  hydrobromic  acid  to  form  1,3-dibromo- 
propane.  The  latter  gives  glutaronitrile,  which  is  reduced  to  pentamethylene- 
diamine;  from  this,  piperidine  is  formed  by  elimination  of  ammonia.  Piperidine 
can  be  oxidized  to  pyridine,  whose  methyl  iodide  addition  product  rearranges -to  2- 
picolinium  iodide  when  heated  at  300°.  2-Picoline  condenses  with  paraldehyde 
to  give  a-mcthyl-2-pyridineethanol,  which  can  be  reduced  by  successive  treat¬ 
ment  with  hydriodic  acid  and  zinc  dust  to  2-n-propylpyridine,  or  can  be  converted 
to  2-propenylpyridine  by  heating  with  concentrated  hydrochloric  acid.  The 
latter  compound  is  also  obtained  directly  by  heating  2-picoline  with  paraldehyde 
at  a  high  temperature.  Reduction  of  either  2-propyl-  or  2-propenylpyridine 
with  sodium  and  alcohol  gives  inactive  coniine. 

For  another  synthesis  of  cZZ-coniine,  starting  from  2-pyridinecarboxaldehyde 
with  ethylmagnesium  bromide,  see  Lautenschlager,  Onsager,  Ber.  51,  602;  from 
2-picoline  with  chloral,  see  Roller,  Mo.  47,  393. 

d-Coniine  d-tartrate  separates  first  from  a  solution  of  dZ-coniine  d-tartrate; 
it  is  hydrolyzed  by  alkali  to  the  d-coniine,  [o:]d  =  +17.85°  (Hess,  Weltzien, 
Ber.  53,  145). 


Glycerol  - 
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d-Coniine  hydrochloride,  m.p.  218°;  platinum  salt,  m.p.  175°;  gold  salt, 
m.p.  77°.  Nitrosoconiine,  bright  yellow  oil.  d-N-Carbethoxyconiine,  b.p 
245°.  d-Benzoylconiine,  viscous  oil,  b.p.  204°  (16  mm.). 

Synthesis  of  Z-coniine:  Loffler,  Friedrich,  Ber.  42,  115. 

The  inactive  dZ-coniine  and  the  Z-coniine  have  the  same  chemical  and  physio¬ 
logical  properties  as  d-coniine.  Inactive  coniine  is  best  prepared  by  reduction  of 
y-coniceine  (p.  332)  (Wolffenstein,  Ber.  29,  1956). 

Two  isomeric  alkaloids  containing  oxygen,  conhydrine,  m.p.  120°,  b.p.  226°, 
[«1d  +10°,  and  pseudoconhydrine,  m.p.  106°,  b.p.  236°,  [«]d  +11°,  are  found 
with  coniine  in  hemlock.  The  former  has  been  found  to  be  one  of  the  optically 
active  forms  of  a-ethyl-2-piperidinemethanol,  (C5H9NH)CH(OH)CH2CH3  (p. 
224;  Loffler,  Tschunke,  Ber.  42,929;  Hess,  Eichel,  Ber.  50,  1386) .  The  pseudo - 
conhydrine  is  probably  a  derivative  of  coniine  hydroxylated  in  the  piperidine  nu¬ 
cleus.  By  successive  treatment  with  hydriodic  acid  and  zinc  dust  «conhydrine  is 
converted  to  Z-coniine,  and  pseudoconhydrine  to  d-coniine.  When  conhydrine 
is  treated  with  dehydrating  agents  such  as  P2O5  or  concentrated  hydrochloric 
acid,  y-coniceine  (p.  332),  which  occurs  in  nature,  is  formed  in  small  amounts, 
and  a  larger  quantity  of  the  isomeric  /3-coniceine,  2-propenyl piperidine,  (C5H9- 
NH)CH : CH  -CH3,  is  produced  in  two  sterooisomeric  forms  (see  p.  224).  The 
iodides  obtained  from  these  by  addition  of  hydriodic  acid  undergo  intramolecular 
alkylation  when  treated  with  alkali,  yielding  the  tertiary,  saturated  bi cyclic 
e-coniceine  (I) .  An  isomer  of  this  base,  5-coniceine  (II),  has  been  prepared  from 
coniine  by  bromination  with  hypobromite  and  subsequent  elimination  of  HBr  by 
means  of  concentrated  H2S04;  see  the  corresponding  inactive  form  of  this  base 
(p.  224)  ( Loffler ,  Kairh,  Ber.  42,  94;  Loffler,  Tschunke,  Ber.  42,  929). 
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Associated  with  the  principal  alkaloid,  pseudopelletierine  (p.  348),  of  the  pome¬ 
granate  root  bark  ( Punica  granatum )  are  several  others  which  are  related  to 
coniine : 

Pelletierine,  CsH15ON,  b.p.  106°  (21  mm.),  inactive,  resolvable  into  antipodes 
through  the  bitartrate  (Hess,  Eichel,  Ber.  51,  741) ;  hydrobromide,  m.p.  140°. 

Isopelletierine,  C8H15ON,  b.p.  102-107°  (11  mm.);  hydrobromide,  m.p. 
149°. 

Methylpelletierine,  C9H17ON,  b.p.  106-108°  (45  mm.),  [«]D  +27.7° 

(without  solvent) ;  hydrobromide,  m.p.  165°,  [a]n  +33.5°. 

Methylisopelletierine,  C9H17ON,  b.p.  95°  (12  mm.);  hydrochloride,  m.p. 
158°;  picrate,  m.p.  154°.  Resolvable  into  optical  antipodes  (Hess,  Eichel,  Ber. 
51,  741). 

Methylisopelletierine  is  converted  to  isopelletierine  by  oxidation  with  chromic 
acid  in  boiling  glacial  acetic  acid  (Meisenheimer ,  Mahler,  Ann.  462,  305),  while 
the  reverse  reaction,  the  methylation,  takes  place  less  readily.  Its  constitution 
is  determined  by  correlation  of  the  following  data : 

The  oxygen  of  pelletierine  is  present  in  an  aldehyde  group,  since  it  forms  an 
oxime,  which  can  be  converted  with  PC15  to  a  nitrile  which  saponifies  to  2 -piper  - 
idinepropionic  acid.  The  hydrazone  of  pelletierine  reduces  to  dLconiine. 

Methylisopelletierine  also  contains  a  carbonyl  group  (semicarbazone,  m.p. 
169°),  which  is  a  ketone  group  according  to  the  results  of  the  oxidation  with 
chromic  acid  in  sulfuric  acid  solution.  This  oxidation  yields  acetic  acid  and  1- 
methylpiperidine -2 -carboxylic  acid  (l-methylpipecolinic  acid)  (Hess,  Ber.  52,  970). 
Since  the  hydrazone  of  methylisopelletierine  is  converted  by  reduction  with 
sodium  and  alcohol  to  dl-N -methylconiine,  it  is  probable  that  methylisopelle¬ 
tierine  is  1 -methyl -2 -acetonylpiperidine.  This  supposition  has  been  verified  by 
the  conversion  of  the  synthetic  l-(l-methyl-2-piperidine)  -2-propanol  by  chromic 
acid  in  glacial  acetic  acid  to  methylisopelletierine  (Meisenheimer,  Mahler,  Ann. 
462,310): 
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The  constitution  of  the  alkaloids  of  the  lobelia  plants  (Lobelia  inflata) ,  which 
contain  a  piperidine  ring,  has  also  been  completely  proved. 

Principal  alkaloid:  lobeline,  C22H2702N,  m.p.  130°,  [aR  —42.8°  (alcohol) 
(Wieland,  Ber.  54,  1784).  Other  alkaloids:  lobelanine,  C22H2502N,  m.p.  99°, 
optically  inactive,  hydrochloride  m.p.  188°  (Wieland,  Schopf,  Hermsen,  Ann.  444, 
49);.  lobelanidine.  C22H2902N,  m.p.  150°,  optically  inactive,  hydrochloride 
m.p.  138°  (loc.  cit.,  p.  56);  di-lobeline  (=  lobelidine),  C22H2702N,  m.p.  110°; 
norlobelanine,  C2iH2302N,  m.p.  121°  (Wieland,  Koschera,  Dane,  Ann.  473,  122); 
norlobelanidine,  C2iH2702N,  m.p.  120°  (loc.  cit.,  p.  124). 

The  first  three  alkaloids  mentioned  above  are  interconvertible  by  simple 
chemical  reactions.  Nascent  hydrogen  reduces  lobelanine  (a  diketone)  to  lobeline 
(a  hydroxy  ketone)  and  then  to  lobelanidine  (dihydric  alcohol),  which  yields 
some  lobelanine  when  oxidized  with  chromic  acid  in  glacial  acetic  acid.  The  ni¬ 
trogen  atom  is  a  member  of  the  ring  and  carries  a  methyl  group.  Norlobelanine 
and  norlobelanidine  are  the  corresponding  methyl -free  secondary  bases;  they  can 
be  methylated  with  methyl  p-toluenesulfonate  to  lobelanine  and  lobelanidine 
(Wieland,  Koschera,  Dane,  Ann.  473,  124). 

More  information  concerning  their  constitution  is  given  by  the  Hofmann  de¬ 
composition  of  lobelanine.  Its  methyl  iodide  addition  product  loses  trimethyl - 
amine  very  readily  when  treated  with  silver  oxide,  forming  a  doubly  unsaturated 
compound,  which  is  converted  by  catalytic  hydrogenation  to  a  diketone,  1,7- 
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dibenzoyl-n-heptane.  Alkali  fusion  splits  lobelanine  into  acetophenone,  benzo- 
hydrol,  and  methylamine.  The  dioxime  of  lobelanine  (m.p.  209°,  dec.)  undergoes 
a  Beckmann  rearrangement  when  treated  with  SOCl2,  yielding  a  dianilide,  which 
can  be  saponified  to  lobelinic  acid,  1  -niethylp iperidine -2  ,Q-dicarboxylic  acid, 
m.p.  228°  (dec.).  Lobelanine  is  oxidized  by  chromosulfuric  acid  to  scopolinic 
acid,  l-mcthylpiperidine-2,6-dicarboxylic  acid,  m.p.  225°. 

From  these  data  it  follows  that  lobelanine  is  l-methyl-2,Q-phenacylpiperidine 
(I),  and  the  structure  of  lobeline  (II)  and  lobelanidine  may  be  deduced  from  the 
simple  relationships  mentioned  above  (Wieland,  Dragendorff,  Ann.  473,  83) : 
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Lobelanidine  is  the  corresponding  dihydric  alcohol. 

This  interpretation  of  the  structure  of  the  lobelia  alkaloids  is  supported  by  two 
independent  syntheses  of  norlobelanidine  (Wieland,  Drishaus,  Ann.  472,  102, 
106). 

Lobeline  is  a  specific  agent  for  the  stimulation  of  the  respiratory  center,  and  is 
therefore  one  of  the  best  remedies  for  asthma. 


NICOTINE  (III),  l-methyl-2-(3-pyridyl) -pyrrolidine,  Ci0H14N2, 
b.p.  247°,  d2 4°  1.00924,  [a+D°  —169.22°  ( Ratz ,  Mo.  26,  1241),  occurs  in 
the  leaves  of  the  tobacco  plants,  Nicotiana  tabacum ,  in  amounts  up  to 
0.6-8%. 
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Some  subsidiary  alkaloids  are  found  in  the  tobacco  lye:  nicoteine,  Ci0H12N2, 
b.p.  267°,  [«]d  —46.41°,  ditertiary  base,  gives  nicotinic  acid  when  oxidized; 
nicotelline,  Ci0H8N2,  m.p.  148°,  and  nicotimine,  Ci0H14N2,  b.p.  150-155°,  a 
tertiary -secondary  base  isomeric  with  nicotine,  and  small  quantities  of  pyrrol¬ 
idine  and  1 -methyl pyrroline  [ Pictet ,  Rotschy,  Ber.  34,  696;  Pictet,  Court,  Ber.  40, 
3773;  Pictet,  Arch.Pharm.  244  (1906),  375] . 

Nicotine  is  readily  soluble  in  water.  It  has  a  disagreeable  odor  and 
a  burning  taste.  It  is  a  violent  poison.  The  salts- of  nicotine  are 
dextrorotatory:  hydrochloride,  [a]D  +102°;  sulfate,  [q:]d  +85°: 
acetate,  [a]D  +110.2°. 


History  -  -Nicotine  was  discovered  in  1828  by  Posselt  and  Reirnann.  Its  re¬ 
action  products  have  been  studied  since  1891  by  Blau  and  by  Pinner.  The 
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structure  proposed  by  the  latter  is  in  agreement  with  the  chemical  behavior  of 
nicotine  and  has  more  recently  been  verified  by  the  investigations  of  Ami  Pictet 
and  his  students  (1895-1904)  and  of  Spdth  ( Spdth ,  Bretschneider,  Ber.61,327), 
which  have  led  to  the  synthesis  of  nicotine. 

Nicotine  (I)  (see  the  diagram  below)  is  a  ditertiary  base.  It  forms  an  addi¬ 
tion  product  with  two  molecules  of  methyl  iodide,  and  two  isomeric  products 
with  one  molecule,  one  of  which  yields  trigonelline  (p.  331)  on  oxidation.  Oxida¬ 
tion  with  potassium  ferricyanide,  or  better  with  silver  oxide,  or  dehydrogenation 
with  Pd  (Wibaut,  Overhoff,  Rec.  47,  935),  converts  nicotine  to  nicotyrine  (II), 
l-methyl-2-(3-pyridyl)pyrrole  (Blau,  Ber.  27,  2535).  Nitric  acid,  chromic  acid 
or  potassium  permanganate  oxidizes  nicotine  to  nicotinic  acid  (III),  3-pyridine- 
carboxylic  acid  ( Laiblin ,  Ann.  196,  130;  cf.  Pictet,  Genequand,  Ber.  30,  2122). 
Sodium  and  alcohol  reduce  it  to  hexahydronicotine  and,  with  rupture  of  the 
pyrrolidine  ring,  to  octahydrometanicotine  (IV)  (Pinner,  Ber.  26,  765) .  With 
bromine  and  water  nicotine  forms  dibromoticonine  (V) ,  CioH8Br2N202,  which  de¬ 
composes  in  barium  hydroxide  solution  through  (VI)  to  methylamine,  malonic 
acid,  and  nicotinic  acid  (III)  (Pinner,  Ber.  26,  292).  With  benzoyl  chloride 
nicotine  forms  an  addition  product,  from  which  nicotine  can  be  regenerated  with 
hydrochloric  acid;  when  treated  with  sodium  alcoholate  this  product  yields  a 
secondary  base  isomeric  with  nicotine,  metanicotine  (VII),  3-(4-  methylamino-1- 
butenyl) -pyridine,  b.p.  275-278°.  The  latter  is  reduced  by  sodium  and  alcohol 
to  hexahydrometanicotine,  and  octahydrometanicotine  (IV),  which  is  also  ob¬ 
tained  directly  from  nicotine,  and  by  HI  and  red  phosphorus  to  dihydrometa- 
nicotine  (VIII).  With  sodium  hypobromite  the  dihydrometanicotine  forms  an 
N-bromo  derivative  (IX),  which  is  converted  by  elimination  of  HBr  with  warm 
concentrated  sulfuric  acid  to  nicotine  (I) : 


N  (V) 

CH  CH  NCH3 

I  II  '  /X 

CH  C— CBr  CO 

X 

)H  CO— CHBr 


N  (VI) 

ClTfeH  NCH3 

,  II  /  \ 

CH  C— C(OH)CO 

X/  I  I 

CH  CO - CH(OH) 


N 


(I) 


H  CH  NCH3 


CHC— CH  CH2 

X/  I  I 

CH  CH2-CH2 


N  (II) 


CH  CH  NCH3 

I  II  /  \ 

CH  C— C  CH 

X/  II  II 

CH  CH— CH 


(IX) 


H  CH  BrNCH3 


N 


(VIII) 


H  CH  HNCH3 


N 


2H20 


CHC— CH2  CH2 

X/  I  I 

CH  CH2— CH2 


CH  C— CH2  CH2 

X/  I  I 

CH  CH2— CH2 


N  (III) 

CH^H  H2NCH3 

I  II 

CH  C-C02H  C02H 
H  H02C— CH2 


t 


i 

NH 

/X 

ch2  ch2 


(IV) 

HNCH3 


ch2ch— ch2  ch2 

X/  I  I 

ch2  ch2— ch2 


i 


N  (VII) 

X 


CH  CH  HNCHj 

I  II  \ 

CH  C— CH  CH2 

X/  II  I 

CH  CH— CH2 


The  stable  pyridine  ring  can  be  recovered  from  the  nicotine  molecule  as  nico¬ 
tinic  acid  or  trigonelline  by  oxidation  according  to  the  methods  mentioned  above. 
The  more  difficult  problem  of  isolating  the  intact  pyrrolidine  ring  has  also  been 
solved.  Z-Hygrinic  acid,  l-methylpyrrolidine-2-carboxylic  acid,  is  obtained  from 
the  Py- methyl  iodide  of  nicotine,  which  is  oxidized  by  potassium  ferricyanide  to 
' N -methylnicotone ,  from  which  Z-hygrinic  acid  can  be  isolated  in  25%  yield  by 
oxidation  with  Cr03  (Karrer,  Widmer,  Helv.  8,  364) : 
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This  sequence  of  reactions  also  gives  information  concerning  the  configuration 
of  the  asymmetric  carbon  atom  (*)  in  nicotine. 

Synthesis  of  nicotine  according  to  Pictet  (see  the  scheme  below) . — Nicotinamide 
(I)  is  converted  by  potassium  hypobromite  to  3 -ami  nopyridine  (II),  which  yields 
l-(3-pyridyl)-pyrrole  (III)  when  distilled  with  mucic  acid.  Passage  through  a 
slightly  incandescent  tube  rearranges  1- (3 -pyridyl) -pyrrole  to  2-(3-pyridyl)- 
pyrrole  (IV),  which  adds  methyl  iodide  to  give  N-methylnicotyrinium  iodide  (V) 
( Soderbaum ,  Ber.  28,  1909).  Distillation  with  CaO  splits  off  methyl  iodide, 
leaving  nicotyrine  (VI),  which  can  be  converted  to  nicotine  by  this  series  of  re¬ 
actions:  Nicotyrine  reacts  with  iodine  to  give  iodonicotyrine  (VII),  which  is  re¬ 
duced  by  zinc  dust  and  aqueous  sodium  hydroxide  to  dihydronicotyrine  (VIII). 
The  latter  is  further  reduced  by  treatment  of  its  bromination  product  with  tin 
and  hydrochloric  acid  to  tetrahydronicotyrine  (IX),  which  is  identical  with  the 
inactive  nicotine  prepared  by  heating  solutions  of  nicotine  salts  at  180-250°. 
The  inactive  nicotine  (tetrahydronicotyrine)  can  be  resolved  by  means  of  its 
bitartrate  into  l-nicotine,  identical  with  the  natural  nicotine,  and  d-nicotine,  [q:]d 
+  163.17°,  which  is  far  less  poisonous  than  the  natural  nicotine  ( Pictet ,  Rotschy, 
Ber.  37,  1225;  Pictet,  C.  r.  137,  862). 
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Another  synthesis,  with  somewhat  milder  reagents,  has  been  developed  by 
Spath  ( Spdth ,  Bretschneider ,  Ber.  61, 327) .  Ethyl  nicotinate  is  condensed  by  an 
acetoacetic  acid  condensation  with  1-methylpyrrolidine  to  3-pyridyl  l-methyl-2- 
oxo-3 -pyrrolidyl  ketone  (X).  Concentrated  hydrochloric  acid  splits  the  pyrrol¬ 
idine  ring  and  removes  C02,  leaving  the  base  (XI) ,  which  is  converted  through  its 
carbinol  (XII)  to  ^/-nicotine  (XIII). 
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SPARTEINE  (lupinidrine) ,  Ci5H26N2,  b.p.  325°,  d20  1.02,  [«]d  —16.42°,  is  a 
colorless,  viscous  oil,  which  occurs  in  the  broom,  Sarothamnus  scoparius,  with  the 
subsidiary  alkaloids,  sarothamnine ,  Ci5H24N2,  and  genisteine,  Ci6H28N2,  m.p. 
60.5°,  b.p.  140°  (5  mm.)  ( Valeur ,  C.r.  167,  26,  163).  Sparteine  is  a  saturated, 
diacid,  ditertiary  base,  which  contains  no  free  methyl  groups  attached  to  the 
nitrogen.  Since  the  presence  of  an  aromatic  nucleus  is  improbable,  the  ring 
system  of  sparteine  must  be  assumed  to  contain  four  saturated  rings.  With 
chromic  acid  or  alkaline  potassium  ferricyanide  solution,  it  is  oxidized  to  hydroxy- 
sparteine,  Ci5H24ON2,  and  with  hydrogen  peroxide,  to  sparteine  oxide,  Ci5H2402N2, 
from  which  sparteine  can  be  readily  obtained ;  with  chromic  acid  an  unsaturated 
base,  spartyrine,  Ci5H24N2,  and  a  neutral  compound,  Ci5H2404N2,  are  also  formed 
(Wackernagel,  Wolffenstein,  Ber.  37,  3238;  W illstatter ,  Marx,  Ber.  38,  1772; 
Ahrens,  Ber.  38,  3268).  Dehydrosparteine,  Ci5H24N2,  gold  salt  m.p.  158°,  from 
sparteine  with  mercuric  acetate  [Winterfeld,  Ber. deut. pharm. Ges.  266  (1928), 
299],  is  oxidized  by  KMn04  to  an  acid,  CUH2402N2,  Pt  salt  of  the  methyl  ester 
m.p.  257°  (dec.),  which  yields  an  amine,  C13H25N3,  picrate  m.p.  187°  (dec.), 
and  2 -methylpyrrolidine,  gold  salt  m.p.  184°  [Winterfeld,  Arch.  Pharm.  267, 
(1929),  433] .  The  same  compound  is  oxidized  by  chromic  acid  in  sulfuric  acid 
solution  to  the  N-methyl  derivative  of  a  2 -methylpyrrolidinecarboxylic  acid, 
C7Hi302N,  Pt  salt  m.p.  250°  [Winterfeld,  Ipsen,  Arch. Pharm.  268,  (1930)  372] . 
The  methylsparteinium  hydroxide,  obtained  from  the  iodide  with  moist  silver 
oxide,  decomposes  when  heated  into  water,  and  a  mixture  of  two  unsaturated 
bases,  methylated  on  the  nitrogen,  Ci5H25N2CH3,  a-methylsparteine ,  m.p.  31°, 
and  0-methylsparteine,  liquid.  The  a-methylsparteine  hydrohalides  isomerize 
under  various  conditions  to  the  methyl  halide  addition  compounds  of  a  new  base, 
isosparteine,  Ci5H26N2;  the  methylisosparteinium  hydroxide  loses  water  when 
heated,  and  forms  a-methylsparteine.  These  reactions,  which  are  analogous  to 
the  conversion  of  methylpiperidine  to  dimethylpyrrolidine  (p.  49),  indicate 
the  presence  of  at  least  one  pyridine  ring  in  sparteine  ( Blaise ,  Maire,  Bull.  [4]  3, 
674;  Valeur,  ibid.,  5,  31).  By  exhaustive  methylation  Karrer  eliminated  both 
of  the  nitrogen  atoms  from  sparteine  and  obtained,  by  hydrogenation  of  the  result¬ 
ing  unsaturated  hydrocarbons,  a  pentadecane,  Ci5H32,  b.p.  242°  ( Karrer ,  Shibata, 
Wettstein,  Jacubowicz,  Helv.  13,  1292).  For  the  rupture  of  the  sparteine  ring 
system  by  cyanogen  bromide,  see  Winterfeld,  Ipsen,  Arch. Pharm.  268  (1930), 
372.  For  proposed  structures  of  sparteine,  see  Wolffenstein,  Reitmann,  Biochem. 
Z.  186  (1927),  269;  Karrer,  Canal,  Zohner,  Widmer,  Helv.  11,  1068;  Karrer, 
Shibata,  Wettstein,  Jacubowicz,  Helv.  13,  1292;  Winterfeld,  Kneuer,  Ber.  64,  152. 

A  group  of  alkaloids  closely  related  to  sparteine  are  found  in  the  lupines: 
Lupinine,  Ci0Hi9ON,  m.p.  68°,  [a]o  —19°;  hydrochloride,  m.p.  213°,  [a]D 
— 14  °,  from  Lupinus  luteus  and  Lupinus  niger  (together  with  sparteine) .  Lupan- 
ine,  Ci5H24ON2,  m.p.  44°,  [a]D  +51.2°,  in  L.  albus  and  L.  angustifolius .  Hy- 
droxylupanine ,  Ci5H2402N2,  m.p.  174°  (anhydrous),  from  L.  polyphyllus;  it  can 
be  converted  to  lupanine  with  hydriodic  acid. 

Of  these,  only  lupinine  has  been  investigated  for  the  determination  of  its  struc¬ 
ture.  It  contains  a  primary  alcohol  group,  which  is  combined  with  an  asym¬ 
metric  carbon  atom;  the  tertiary  nitrogen  atom  is  shared  by  three  rings  ( Schopf , 
Ann.  465,  97).  Anhydrolupinine,  resulting  from  the  elimination  of  water 
(Wills,  Fourneau,  Ber.  35,  1916),  is  converted  by  catalytic  hydrogenation  to  two 
stereoisomeric  lupinanes,  Ci0H19N.  Oxidation  with  CrOs  gives  two  diastereo- 
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meric  lupinic  acids  ( Schopf ,  Ann.  465,  108),  one  of  which  ([q:]d  +54.8°,  hydro¬ 
chloride,  m.p.  235°)  yields  on  reduction  of  its  ester  lupinine  (m.p.  68°,  [q:]d 
—23.5°),  and  the  other  ([<x]d  —19.4°,  hydrochloride,  m.p.  275°),  the  isomeric 
epilupinine  (m.p.  78°,  [<x]d  38.2°)  (Winter f eld,  Holschneider ,  Ber.  64,  141).  Ac¬ 
cording  to  Karrer  (Helv.  11,  1062),  the  accompanying  formula  (I)  accounts  best 
for  these  reactions  of  lupinine.  This  structure  is  further  supported  by  the  follow- 
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ing  experimental  results.  The  pyridine  base  obtained  by  decomposition  of 
lupinane  with  cyanogen  bromide  and  subsequent  dehydrogenation  is  oxidized  by 
KMn04  to  3-methylpyridine-2-carboxylic  acid  and  2,3-pyridinedicarboxylic  acid, 
and  also  some  2-n-butylpyridine-3-carboxylic  acid  (Winterfeld,  Holschneider , 
Ber.  64,  137).  That  the  tertiary  nitrogen  is  in  the  /3-position  to  the  primary 
alcohol  group  is  proved  by  the  Hofmann  decomposition  of  the  ketone,  (CgHi6N)- 
COC6H5,  b.p.  126-128°  (1  mm.),  picrate  m.p.  185°,  from  lupinic  acid  ester  and 
phenylmagnesium  bromide  (Schopf,  Ann.  465,  130),  to  the  unsaturated  N- 
methyl-des-base,  Ci7H23ON  (b.p.  143-145°  (1  mm.),  picrate  m.p.  143°)  (Schopf, 
Schmidt,  Braun,  Ber.  64,  683). 

Lupanine,  whose  carbon  skeleton  is  joined  by  two  tertiary  N -atoms* and 
which  contains  a  carbonyl  group,  reacts  as  a  monoacid  base,  due  to  the  presence 
of  a  lactam  link  =N— CO — .  Energetic  reduction  with  HI  and  phosphorus 
converts  it  first  to  desoxylupanine,  Ci5H26N2,  b.p.  145°  (5  mm.),  then  to  /3-lupin- 
ane,  Cx0Hi9N,  b.p.  85-86°  (15  mm.),  gold  salt  m.p.  144°,  and  a  base,  b.p.  145- 
147  °  (15  mm.) ,  which  shows  pyrrole  reactions  (Winterfeld,  Kneuer,  Ber.  64,  150) . 


III.  TROPANE  ALKALOIDS 

SOLANUM  BASES.  Many  varieties  of  Solarium,  contain  several 
very  similar  alkaloids,  of  which  the  best  known  are  the  two  isomers : 
optically  inactive  atropine,  discovered  in  1833  by  Mein  and  also 
by  Geiger  and  Hesse ,  and  its  levorotatory  form,  hyoscyamine. 
When  introduced  into  the  eye  in  very  small  quantities,  they  cause 
the  pupil  to  dilate,  and  are  therefore  used  medicinally  as  mydriatics. 
Both  bases  are  found  in  henbane  leaves,  Hyoscyamus  niger  and  H. 
albus,  in  the  thornapple,  Datura  stramonium ,  in  the  “deadly  night¬ 
shade,”  Atropa  belladonna,  and  in  Duboisia  myoporoides;  hyoscyamine 
also  occurs  in  the  mandragora  root  {Thoms,  Wentzel,  Ber.  31,  2031). 
Associated  with  these  two  are  many  lesser  known  alkaloids:  bella- 
donine  (p.  341)  ( Ladenburg ,  Roth,  Ber.  17, 142;  Merling,  Ber.  17, 383), 
hyoscine  =  ^-scopolamine,  atroscine  =  ^-scopolamine  [Schmidt,  Ber. 
25,  2601;  Ber.  29,  2009;  Arch.  Pharm.  247  (1909),  79;  Hesse ,  Ber. 
29,  1771,  2439;  Gadamer,  Arch.  Pharm.  236  (1898),  382],  apoatropine 
(p.  341)  [Merck,  Arch. Pharm.  230  (1892),  134;  231,  110],  these 

all  yield  as  acid  decomposition  products  tropic  or  atropic  acid,  and, 
as  basic  constituents,  tropine  or  related  compounds.  For  the  iso¬ 
lation  of  the  alkaloids  from  the  plants,  see  Chemnitius,  J.pr.  116, 
276  ff. 

ATROPINE,  inactive  HYOSCYAMINE,  C17H2303N,  m.p.  118°. 
It  is  oboained  from  the  plant  in  an  optically  inactive  form;  this  is 
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probably  due  to  racemization  during  the  isolation.  Atropine  can 
be  decomposed  by  means  of  its  d-camphorsulfonate  into  d-  and  l- 
hyoscyamine,  m.p.  108°,  [a]  D — 22°  ( Barrowcliff ,  Tutin,  J.  95, 1966) ; 
the  latter  is  probably  the  only  product  of  the  plant  synthesis,  and  its 
racemization  takes  place  on  fusion  or  on  treatment  with  aqueous  or 
alcoholic  sodium  hydroxide  [Will,  Ber.  21,  1717;  Will ,  Bredig,  Ber. 
21,  2777;  Ladenburg,  Ber.  21,  3069;  Gadamer,  Arch.  Pharm.  239 
(1901),  294]. 

Small  quantities  of  norhyoscyamine,  Ci6H2103N,  m.p.  140°,  [«]d  —23°  (50% 
alcohol),  are  often  found  with  hyoscyamine;  it  is  the  corresponding  methyl-free 
base. 

Atropine  (A)  salts:  sulfate,  2A-H2S(VH20,  m.p.  194°;  hydro 
bromide,  A-HBr,  m.p.  164°;  platinum  salt,  2A-H2PtCl6,  m.p.  208° 

^-Hyoscyamine  (Hy)  salts:  sulfate,  (Hy)2 -H2S04 -H20,  m.p.  206°  (anhy¬ 
drous);  hydrobromide,  (Hy) -HBr,  m.p.  151°. 

Constitution  of  Atropine. — When  heated  with  hydrochloric  acid  or 
barium  hydroxide  solution,  atropine  decomposes  into  an  amino  alco¬ 
hol,  the  inactive  tropine  (see  below)  and  di-tropic  acid,  a-phenyl- 
hydracrylic  acid,  CH2OH  •  CH  •  (C6H5)  •  COOH.  This  reaction  can  be 
reversed,  atropine  being  formed  by  evaporation  of  tropic  acid  and 
tropine  with  dilute  hydrochloric  acid  {Ladenburg) ,  or  by  condensation 
of  tropine  with  acetyltropic  acid  chloride  and  subsequent  elimination 
of  the  acetyl  group  {Wolff enstein,  Mamlock,  Ber.  41,  726).  i-Hyoscy- 
amine  splits  into  tropine  and  Z-tropic  acid  when  saponified  with  water, 
and  can  be  synthesized  from  these  components  by  evaporation  with 
dilute  hydrochloric  acid  [ Amenomiya ,  Arch. Pharm.  240  (1902),  498]. 

Apoatropine,  atropamine,  Ci7H2i02N,  m.p.  60-62°,  is  the  anhydroatropine, 
formed  from  atropine  by  treatment  with  nitric  acid ;  it  is  synthesized  by  evapora¬ 
tion  of  tropine  atropate  with  dilute  hydrochloric  acid.  In  barium  hydroxide  solu¬ 
tion  apoatropine  decomposes  into  tropine  and  atropic  acid  (a-phenylacrylic  acid : 
Vol.  Ill,  p.  470) .  It  is  the  tropeine  of  atropic  acid. 

Belladonine,  C47H2i02N,  not  crystalline  (platinum  chloride  compound,  m.p. 
229°,  amorphous).  This  base  is  a  stereoisomer  of  atropamine,  and  is  obtained 
from  the  latter  by  heating  alone  or  by  evaporating  with  hydrochloric  acid.  In 
the  latter  case  saponification  to  atropic  acid  and  bellatropine ,  an  isomer  of  tropine, 
also  occurs. 

TROPEINES.  Tropeines  are  ester-like  compounds  obtained  from  tropine 
with  other  acids,  as  atropine  is  formed  from  tropine  with  tropic  acid  (Ladenburg , 
Ann.  217,  82;  Petit,  Polonowsky,  Bull.  [3]  9,  1015).  Homatropine,  phenyl- 
glycolyltropeine,  C8H14N  (O- CO -CHOH -Cells),  m.p.  95-98.5°,  is  prepared  from 
tropine  and  mandelic  acicl;  because  its  mydriatic  action  is  not  so  prolonged,  it  is 
used  in  the  form  of  its  hydrobromide  in  place  of  atropine.  Only  those  tropeines 
having  an  alcoholic  hydroxyl  group  in  their  acyl  radical  show  pronounced  mydri¬ 
atic  action  (for  this  relationship,  see  Pyman,  J.  Ill,  1103) .  Lactyltropeine,  m.p. 
74°  (Ger.  Pat.  79870,  1894).  Benzilotropeine,  the  tropeine  of  benzilic  add 
(Petit,  Polonowsky,  Bull.  [3]  9,  1015). 
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CH2— CH — CH2 


Tropine,  C8H15ON, 


NCH3  CHOH,  m.p.,  62°,  b.p.  333°,  the  basic  de- 


CH2— CH— CH2 

composition  product  of  atropine,  was  found  by  Willstatter  to  have  a  bicydic  ring 
system  comprising  a  pyrrolidine  ring  condensed  with  a  4 -hydroxy pyridine  ring, 
the  group  C — N — C  being  common  to  the  two  rings  (see  also  p.  270) . 

The  principal  evidence  for  the  above  structure  for  tropine  is  the  formation  of  a 
dibenzylidene  and  a  diisonitroso  compound '  from  tropinone,  the  first  oxidation 
product  of  tropine,  which  signifies  that  tropinone  must  contain  the  group 
— CH2-COCH2 —  ( Willstatter ,  Ber.  31,  1537). 

The  constitution  of  tropine  and  ecgonine  is  clarified  also  by  their  decomposition 
reactions,  especially  the  Hofmann  exhaustive  methylation  method.  These  data 
are  due  to  the  work  of  Ladenburg,  Merling,  Einhorn,  Willstatter.  The  formulas 
so  obtained  are  verified  by  the  syntheses  of  these  compounds. 

Decomposition  of  Tropine. — (Equations  shown  below.)  (a)  The  conversion  of 
tropine  into  tropic  acid  and  n-pimelic  acid :  Tropine  (I)  is  oxidized  by  KMn04 
in  alkaline  solution  to  tropigenine  (II) ,  and  in  acid  solution,  or  with  chromic  acid, 
to  tropinone  (III) ,  a  ketone,  which  gives  tropine  when  reduced  with  zinc  dust  and 
hydriodic  acid,  but  with  other  reducing  agents  yields  the  stereoisomeric  l/'-tropine, 
which  is  also  obtained  from  a  subsidiary  alkaloid  of  cocaine  (p.  344)  ( Willstatter , 
Iglauer,  Ber.  33,  1170).  Further  oxidation  with  Cr03  converts  tropinone  to 
tropinic  acid  (IV),  5-carboxy-l-methyl-2-pyrrolidineacetic  acid.  The  methyl 
iodide  addition  product  of  tropinic  acid  ester  (V)  is  split  by  alkali  to  the  so-called 
methyltropinic  acid  (VI),  whose  methyl  iodide,  treated  with  alkali,  gives  piper - 
ylenedicarboxylic  acid  (VII);  by  reduction  of  the  latter  n-pimelic  acid  (VIII) 
is  obtained.  Therefore  the  presence  of  7  carbon  atoms  in  a  row  in  the  tropine 
molecule  is  proved. 

(b)  The  conversion  of  tropine  to  2-ethylpyridine  and  picolinic  acid:  By 
elimination  of  water  by  means  of  glacial  acetic  acid  and  hydrochloric  acid  tropine 
is  converted  to  tropidine  (IX),  which  is  oxidized  by  permanganate  to  dihydroxy  - 
tropidine;  on  further  oxidation  the  latter  yields  tropinic  acid  (IV)  ( Willstatter , 
Ber.  28,  2277).  Zinc  and  hydrochloric  acid  reduce  tropidine  to  hydrotropidine, 
tropane  (X),  which  is  also  obtainable  from  tropinone  (III)  ( Willstatter ,  Iglauer, 
Ber.  33,  1173).  Norhydrotropidine  (XI)  is  formed  by  heating  tropane  hydro¬ 
chloride  in  a  stream  of  hydrogen  chloride  and  is  distilled  over  zinc  dust  to  give  2- 
ethylpyridine  (XII),  which  yields  picolinic  acid  on  oxidation  ( Ladenburg ,  Ber. 
20,  1647). 
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(c)  The  conversion  of  tropidine  to  tropilidene  or  1 ,3  fo-cycloheptatriene  (see  Will- 
statter,  Ber.  31,  1542) :  Tropidine  (XIII)  adds  methyl  iodide,  and  the  product  is 
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converted  by  moist  silver  oxide  to  methylt-ropidinium  hydroxide  (XIV),  which 
rearranges  in  boiling  water  to  “methyltropidine”  or  5-dimethylamino-t,3-cyclo- 
heptadiene  (XV) .  The  latter,  subjected  to  the  same  treatment  as  tropidine, 
yields  the  trimethylammonium  hydroxide  (XVI)  and  tropilidene,  1,3,5-cyclo- 
heptatriene  (XVII) : 


(XIII)  CH2— CH CH  (XIV)  CH2— CH - CH  (XV)  CH2— CH - CH 


NCH3  CH 

CH2— CH - CH2 


HON(CH3)2  CH  - 
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ch2-ch=ch 


Hydrotropidine  is  similarly  converted  to  cycloheptadiene.  Tropilene,  C7HnO, 
2-cyclohepten-l-one,  formed  by  the  exhaustive  methylation  of  tropidine,  can  be 
catalytically  hydrogenated  to  cycloheptanone  ( Kotz ,  Rosenbusch,  Ber.  44,  464). 

Synthesis  of  Tropine. — “Methyltropidine”  or  5-dimethylamino-l,3-cyclohepta- 
diene  (I)  forms  6-chloro-3-dimethylamino-l-cycloheptene  hydrochloride  (II) 
by  addition  of  2  HC1;  elimination  of  1  HC1  with  aqueous  sodium  hydroxide  con¬ 
verts  this  to  methyltropidinium  chloride  (III) ,  which  decomposes  when  it  is  dist. 
into  tropidine  (IV)  and  methyl  chloride.  Tropidine  adds  HBr  to  give  3-bromo- 
tropane  (V),  from  which  tropine  (VI)  is  obtained  with  dilute  mineral  acid 
{Willstatter ,  Ann.  326,  1). 
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(VI)  CH2— CH — CH2 
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->  NCH3  CH(OH) 


By  analogous  reactions,  tropane  (p.  342)  is  produced  from  “methyltropane,” 
dimethylaminocycloheptene.  These  syntheses  have  been  completed  by  the  forma¬ 
tion  of  “methyltropidine”  and  “methyltropane”  from  1,3,5-cycloheptatriene 
(tropilidene)  and  cycloheptene,  which  are  obtainable  from  the  synthetic 
suberone,  cycloheptanone  ( Willstatter ,  Ber.  34,  129;  Ann.  317,  307). 

The  synthesis  of  the  tropane  ring  system  developed  by  Robinson  (J.  Ill,  762) 
is  much  simpler.  Succinaldehyde ,  methylamine,  and  acetone  in  aqueous  solution 
form  detectable  amounts  of  tropinone  in  a  short  time: 


CH2— CHO  CH3 
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+  H2NCH3  +  CO 
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CH2— CHO  CH3 


CH2— CH - CH2 

I  I 

NCH3  CO  +  2  HoO 

I  I 

CH2— CH CH2 


The  yields  are  considerably  larger  when  /3-ketoglutaric  acid  ester  is  used  in 
place  of  acetone,  the  tropinone-dicarboxylic  acid  first  formed  being  readily  de- 
carboxylated  to  tropanone.  By  use  of  the  monoethyl  ester  of  /3-ketoglutaric  acid, 
this  reaction  is  suitable  for  the  direct  preparation  of  ecgonine  (see  page  345) . 

Z-Scopolamine  ( hyoscine ),  Ci7H2104N  (formula  given  below),  syrup,  [«]d 
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—  28°  (water),  hydrobromide,  scop  HBr -3  II20,  m.p.  193°  (anhydrous),  is 
associated  in  many  plants  with  l-hyoscyamine,  from  whose  mother  liquor  it  is 
usually  obtained.  Atroscine  (dihydrate,  m.p.  38-40°;  monohydrate,  m.p.  56°) 
is  inactive  scopolamine.  d -Scopolamine,  [a]D  +26.3°,  prepared  by  resolution 
of  the  inactive  scopolamine  {King,  J.  115,  476). 

These  alkaloids  are  related  to  hyoscyamine.  Scopolamine  is  the  tropic  acid 
ester  of  scopine,  C8Hi302N,  m.p.  76°,  an  amino  alcohol  analogous  to  tropine. 
Scopine  is  obtainable  from  scopolamine  only  by  very  mild,  alkaline  hydrolysis 
(ammonia  plus  ammonium  chloride  at  pH  8.9-9)  ( Willstatter ,  Berner,  Ber.  56, 
1079).  When  warmed  alone,  or  more  rapidly  in  the  presence  of  alkali,  scopine 
rearranges  to  scopoline,  m.p.  109°,  b.p.  241-243°,  an  ethylene  oxide  ring  being 
converted  to  a  butylene  oxide  ring  {Hess,  Wahl,  Ber.  55,  1979;  W illstdtter,  Berner, 
Ber.  56,  1079).  This  reaction  had  long  concealed  the  true  constitution  of 
scopolamine. 
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When  scopoline  is  heated  with  saturated  glacial  acetic  acid-hydrobromic  acid 
at  100°,  the  oxide  ring  is  broken  and  the  hydrobromide  of  a  hydrobromoscopoline 
is  formed  {Hess,  Suchier,  Ber.  48,  2060) .  This  reduces  to  dihydroscopoline,  a  6,7- 
dihyclroxytropane,  which  yields  scopolinic  acid,  \-methylpiperidine-2,Q -dicar  - 
boxylic  acid,  m.p.  230°  (anhydrous),  on  stronger  oxidation  {Hess,  Suchier,  Ber. 
48,  2061).  Reduction  with  hydriodic  acid  and  phosphonium  iodide  converts 
dihydroscopoline  to  tropane,  a  reaction  which  places  scopoline  in  the  bicyclic 
tropane  group  {Hess,  Ber.  51 ,  1008) .  For  the  products  of  the  exhaustive  methyla- 
tion  of  methylscopoline  iodide,  see  Hess,  Ber.  52,  1947. 

Scopolamine  is  used  for  the  induction  of  twilight  sleep  in  gynecology  and  for  the 
relief  of  cramps  of  the  bile  duct  musculature. 

Z-COCAINE,  C17H2104N, 

CH2— CH - CH  •  C02CH3 

!  I 

nch3  ch  o-coc6h6 

I  I 

ch2— ch2 - CII3 


m.p.  98°,  [a]v  —15.8°,  hydrochloride  m.p.  200°  (anhydrous),  [a]D 
—  71.9°  (in  water),  is  found  in  the  leaves  of  Erythroxylon  coca.  [Pro¬ 
duction  on  a  technical  scale:  Duilius,  Chem.Ztg.  54  (1930),  31; 
Chemnitius,  J.pr.  1 16, 276.  ]  It  is  used  in  the  form  of  its  hydrochloride 
as  a  local  anesthetic;  large  doses  are  fatal,  due  mostly  to  paralysis  of 
the  respiratory  center.  When  warmed  with  hydrochloric  acid  it  de¬ 
composes  into  ecgonine  (tropinecarboxylic  acid)  (p.  345),  benzoic  acid 
and  methanol,  while  in  boiling  water  it  gives  benzoylecgonine  and 
methanol.  Conversely,  cocaine  can  be  formed  from  ecgonine,  ben¬ 
zoylecgonine  and  ecgonine  methyl  ester,  either  by  benzoylating  ecgo¬ 
nine  methyl  ester  or  by  esterifying  benzoylecgonine  with  methanol. 
Because  of  this,  several  other  alkaloids  of  the  cocaine  group,  cinnamyl- 
cocaine  (methylcinnamylecgonine,  m.p.  121°)  and  truxilline  (methyl- 
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a-  and  jS-truxilloylecgonine)  ( Liebermann ,  Berg  ami,  Ber.  22,  783, 
footnote),  are  technically  valuable,  because  they  yield  ecgonine 
methyl  ester  and  ecgonine  on  fission  ( Sembritzki ,  Ber.  22,  2960). 

-  eudococaine,  m.p.  43-45°  (hydrochloride,  m.p.  208°,  [«]d  +49.8°,  in 

.or),  found  in  small  quantity  in  the  mixture  of  cocaine  bases  ( Liebermann , 
>  tesel,  Ber.  23,  926),  has  been  synthesized  from  d-pseudoecgonine  (see  below) 
( Einhorn ,  Marquardt,  Ber.  23,  982;  Willstdtter,  Wolfes,  Mader,  Ann.  434,  126). 
A  Z-pseudococaine  has  also  been  prepared  ( loc .  cit.,  p.  125).  ^/-Cocaine,  m.p., 
79-80°,  obtained  synthetically  (see  below,  and  Willstdtter,  Bommer,  Ann.  422, 
15;  Willstdtter,  Wolfes,  Mader,  Ann.  434,  111),  dl -Pseudococaine,  m.p.  81.5°, 
obtained  synthetically  (see  below,  and  preceding  reference) . 

Tropacocaine,  benzoyl-\f  -tropine,  C15H19NO2,  m.p.  49°,  occurs  in  small  amounts 
in  the  coca  alkaloids.  When  decomposed  it  yields  benzoic  acid  and  ^-tropine, 
m.p.  108°,  b.p.  241°,  which  is  a  stereoisomer  of  tropine,  since  it  is  also  formed  by 
the  reduction  of  tropinone,  oxidizes  to  tropinone  and  is  produced  directly  from 
tropine  by  rearrangement  with  sodium  amylate.  Oxidation  with  KMn04  con¬ 
verts  ^-tropine  to  ^-tropigenine,  which,  like  tropigenine  (p.  342),  yields  nor- 
tropinone  when  oxidized  ( Willstdtter ,  Ber.  29,  936,  1636,  2231;  Barrowcliff, 
Tutin,  J.  95,  1966) .  It  also  acts  as  p  local  anesthetic. 

Crude  cocaine  contains  small  amounts  of  hygrine,  C8Hi5ON,  b.p.  92-94°  (20 
mm.),  which  is  1 -methyl -2 -acetonylpyrrolidine  (see  p.  330). 

Z-Ecgonine  (I),  tropinecarboxylic  acid,  C9H1503N -H20,  m.p.  205°  (anhydrous), 
[«]d  —45.4°,  is  the  basic  decomposition  product  of  ^-cocaine.  Methyl  ester: 
hydrochloride  m.p.  212°  (dec.).  Warming  with  aqueous  potassium  hydroxide 
converts  Z-ecgonine  to  d-\p -ecgonine,  m.p.  254°.  For  esters,  amides,  and  nitriles 
of  the  ecgonines,  see  Deckers,  Einhorn,  Ber.  24,  7 ;  Einhorn,  de  Norwall,  Ber.  26, 
962;  for  the  alkyl  iodide  addition  products,  see  Hesse,  J.pr.  65,  91.  Both  l-  and 
d-ecgonine  are  oxidized  by  Cr03  to  Z-ecgoninic  acid,  1 -methyl -5 -oxo -2 -pyrrolidine  - 
acetic  acid  (II),  m.p.  117°,  whose  racemic  form,  m.p.  94°,  is  obtained  together 
with  tropinic  acid  (p.  50)  by  the  oxidation  of  tropine  with  Cr03,  and,  synthetic¬ 
ally,  from  /3-bromoadipic  acid  with  methylamine  ( Willstdtter ,  Hollander,  Ber.  34, 
1818) .  For  other  decomposition  products  of  ecgonine,  see  the  reaction  scheme 
on  p.  346. 
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dZ-Ecgonine,  see  page  346. 

CH2— CH— ch2 


a -Ecgonine, 


NCH3  C(OH)COOH,  m.p.  305°  (dec.),  an  isomer  of 


CH2— CH — CH2 

ecgonine,  has  been  prepared  by  adding  hydrocyanic  acid  to  tropinone  (p.  342) 
and  saponifying  the  cyanohydrin  (' Willstdtter ,  Ber.  29,  2216). 

Anhydroecgonine,  C9Hi3N02,  m.p.  234°  (formula  III  in  the  diagram  below)  ,  is 
formed  from  ecgonine  hydrocldoride  by  boiling  with  phosphorus  oxychloride 
( Einhorn ,  Ber.  20,  1221) .  Reduction  converts  it  to  hydroecgonidine,  C9H15N02, 
m.p.  200°. 

The  relation  of  ecgonine  to  tropine  is  evident  from  the  rearrangement  of 
anhydroecgonine  when  heated  with  hydrochloric  acid  at  280  0  (with  simultaneous 
decarboxylation)  to  tropidine,  which  was  first  observed  by  Einhorn  (Ber.  23, 
1338).  Tropidine  is  also  obtained  by  reacting  hydroecgonine  amide,  (C8H:4N)- 
CONH2,  with  KOBr  and  treating  the  isotropylamine,  (C8Hi4N)NH2,  so  formed 
with  nitrous  acid  ( Willstdtter ,  Muller,  Ber.  31,  2655). 

Decomposition  of  Ecgonine. — Conversion  of  ecgonine  to  tropinone  and  cyclo- 
heptanone :  The  position  of  the  carboxyl  group  in  the  tropane  ring  of  ecgonine  (I) 
is  indicated  by  the  oxidation  to  tropinone  (II)  with  chromic  acid,  since  the  loss  of 
C02  is  characteristic  of  the  oxidation  of  /3-hydroxycarboxylic  acids  ( Willstdtter , 
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Miiller,  Ber.  31,  2655).  If  anhydroecgonine  (III)  (see  below)  is  esterified  and 
treated  with  methyl  iodide,  a  methyl  iodide  addition  product  (IV)  is  formed. 
This  is  converted  by  moist  silver  oxide  to  anhydroecgonine  methylbetaine,  which 
is  decomposed  by  boiling  with  alkali  to  dimethylamine  and  tropilidenecarboxylic 
acid,  2,4,6-cycloheptatriene-l-carboxylic  acid  (V),  m.p.  32°  (amide,  m.p.  125°). 
The  constitution  of  the  latter  is  known  from  its  reduction  to  cycloheptanecar- 
boxylic  acid  (VI)  and  the  conversion  of  the  latter  through  the  bromo  or  hydroxy 
derivative  (VII)  to  cycloheptanone  (VIII)  (Willstatter,  Ber.  31,  2498): 
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By  a  similar  series  of  reactions,  hydroecgonidine  is  converted  to  hydrotropil- 
idenecarboxylic  acid,  cycloheptadienecarboxylic  acid  ( Willstatter ,  Ber.  30,  702; 
31,  2501). 

Synthesis  of  Ecgonine. — The  conversion  of  ecgonine  to  tropinone  (II),  which 
constitutes  a  new  transition  from  cocaine  to  atropine,  is  reversed  by  the  synthesis 
of  ecgonine  from  tropinone.  Tropinone  (p.  342),  obtained  from  tropine,  is 
partially  converted  to  racemic  ecgonine  by  treatment  with  Na  and  C02  (Will- 
stdtter,  Bode,  Ber.  34,  1457). 

Willstatter  and  his  coworkers  ( Willstatter ,  Pfannenstiel,  Ann.  422,  1;  Will¬ 
statter,  Bommer,  ibid.,  15)  have  developed  a  simpler  synthesis  for  dLecgonine,  and 
thereby  for  cocaine,  starting  from  /3-oxoglutaric  acid.  The  potassium  salt  of  the 
ethyl  ester  of  this  acid  (IX)  is  converted  electrochemically  to  (3  ,e-dioxosuberic  acid 
ester  (X),  which,  being  a  1,4-diketone,  reacts  with  methylamine  to  give  1  -methyl- 
2, b-pyrrolediacetic  ester  (XI).  This  is  catalytically  hydrogenated  (Pt  +  H2)  to 
the  corresponding  pyrrolidine  derivative  (XII),  which  undergoes  an  intramolec¬ 
ular  acetoacetic  ester  condensation,  forming  tropinonecarboxylic  acid  ethyl  ester 
(XIII)  (which  is  also  obtained  from  tropinone  by  partial  synthesis,  see  above). 
This  can  be  reduced  to  ecgonine  ethyl  ester,  which,  after  transformation  to  the 
methyl  egter  (XIV),  can  be  benzoylated  to  dl-\p  -cocaine: 


K 

K 


ooc 

ooc 


CII2-CO-CH2.COOC2H5 

(IX) 

CIi2-COCH2-COOC2H5 


HC :  C  •  CH2  •  COOC2H5 


NCH3  (XI) 


HC :  C  •  CH2  •  COOC2H5 


II2C-CO-CH2.COOC2H5 
->  I  +  H2NCH3  (X) 
H2CCO-CH2-COOC2H6 


h2cch 


- CH2.COOC2H5 

I 

NCH3  COOC2H6  (XII)  - > 


h2c-ch — ch2 


h2c-ch  •  CH-COOC2H6 
>  NCH,  CO  (XIII) 

I  I 

H2CCH  .  ch2 


h2c  ch  •  ch-cooch3 

NCH3  CHOH  (XIV) 
II2C  CII  •  ch2 


Another  synthesis  introduced  by  Willstatter  and  his  coworkers  ( Willstatter , 
Wolfes,  Mader,  Ann.  434,  111)  is  based  on  the  preparation  of  methyl  tropinone- 
carboxylate  given  on  p.  343.  When  the  preparation  is  conducted  on  a  large 
scale,  reduction  of  the  ester  yields  three  racemic  cgonines.  The  following  out¬ 
line  shows  the  compounds  so  produced  and  the  cocaines  obtainable  from  them : 
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II. 


III. 


benzoylation 


benzoylation  d-^-Cocaine 

- > (natural  d-cocaine) 


^dZ-i/'-Cocaine,  m.p. 
81.5° 

-dZ-i/'-Ecgomne  methyl  ester, 
m.p.  128° 


rearrangement 
by  alkali 


resolvable , 


-d-^-Ecgonine  methyl  ester, 
,m.p.  116°,  [c*]d  +  19.5° 
(water)  ( loc .  cit.,  p.  124) 

\.  Z-i/'-Ecgonine  methyl  ester, 
*m.p.  115°,  [a]  D  -14.7° 

(methanol) 


dl .Ecgonine  methyl  benzoyl  di.Cocain  resolvable 

ester:  hydrochloride, - >  7Q  Qn’c - * 

m.p.  195°  ated  m-p'  79-80 


,d-Cocaine,  m.p. 
98°,  [«]D  +15.8° 
(loc.  cit.,  p.  132) 
^-Cocaine,  m.p.  98°, 
*  [«]d  —16.5°  (natu¬ 
ral  Z-cocaine) 

dl- Ecgonine  (by  hydrolysis  of  the  methyl  ester),  m.p.  225°  (anhydrous), 

not  resolved  up  to  the  present  time  (loc.  cit.,  p.  114) 


The  Spatial  Configuration  of  Ecgonine 

A  comprehensive  theoretical  explanation  of  the  spatial  relations  in 
the  tropane  system  has  been  devised  to  include  the  numerous  racemic 
and  optically  active  ecgonines  and  cocaines,  not  all  of  which  are  syn¬ 
thesized  by  the  plant  (Willstdtter,  Bommer,  Ann.  422,  18).  This  bi- 
cyclic  ring  system  may  be  considered  to  consist  of  three  segments, 
whose  planes  intersect  in  the  line  of  the  bond  between  the  two  CH- 
groups  (Fig.  1).  If  this  line  is  placed  at  right  angles  to  the  plane  of 
the  paper,  then  Figure  2  represents  the  projection  of  the  three  tropane 
segments  on  that  plane. 


Figure  1.  Tropane.  Figure  2. 

Substitution  in  the  3-position  of  tropane  (tropines)  should  give  two 
cis-trans  isomeric  tropines.  If  a  carboxyl  group  is  also  substituted  in 
the  2-position  (ecgonines),  then  for  each  of  these  tropines  there  are 
two  cis-trans  isomeric  ecgonines,  which,  because  of  the  asymmetry 
conditioned  by  the  entrance  of  the  COOH— group  in  the  2-position, 
give  racemic  modifications.  There  are  therefore  four  racemates  of 
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ecgonine,  which  are  illustrated  by  the  accompanying  schematic  for¬ 
mulas  ( cis -  and  trans-  refer  to  the  relation  to  the  nitrogen  segment). 
Of  these,  three  are  known.  One  belongs  to  the  series  of  natural  co¬ 
caine,  a  second  to  ^-cocaine. 


The  principal  alkaloid  of  the  pomegranate  root  bark  ( Punica  granatum )  is 
pseudopelletierine,  discovered  by  Tanret  (1879)  and  named  after  the  Frenchman 
Pelletier.  From  their  reactions,  most  of  which  were  investigated  by  Ciamician 
and  Silber  (Ber.  25,  1601;  26,  156,  2740),  they  appear  to  be  similar  in  structure 
to  the  tropane  alkaloids.  In  their  natural  occurrence  they  are  associated  with  a 
series  of  monocyclic  alkaloids,  which  have  been  treated  on  p.  335. 

PSEUDOPELLETIERINE,  methylgranatonine,  C9H15ON  (I),  m.p.  48°,  b.p. 
246°,  optically  inactive,  is  a  ring  homologue  of  tropinone  (p.  342),  and,  like  it, 
forms  a  dibenzylidene  and  a  diisonitroso  derivative,  indicating  the  presence  of  the 
group  —  CH2*CO  CH2 —  [ Piccinini ,  Atti  accad.Lincei  [5]  8  (1899),  I,  392]. 
On  reduction  it  gives  the  alkamine  corresponding  to  ^-tropine,  i/'-methylgrana- 
toline  (II)  (in  electrolytic  reduction  the  stereoisomeric  methylgranatoline  is  also 
formed),  which  is  oxidized  by  chromic  acid  first  to  pseudopelletierine  and  then  to 
methylgranatic  acid  (III),  analogous  to  tropinic  acid  (p.  50).  Methylgranatic 
acid  has  been  converted  by  exhaustive  methylation  to  suberic  acid :  the  methyl 
iodide  of  methylgranatic  acid  ester  (IV)  is  split  by  alkali  to  the  so-called  dimethyl- 
granatic  acid,  whose  methyl  iodide  yields  with  alkali  homopiperylenic  acid  (V) ; 
this  reduces  with  sodium  amalgam  to  suberic  acid  (VI) .  With  HI  and  phos¬ 
phorus,  methylgranatoline  is  reduced  to  methylgranatanine  (VII)  [which  is 
also  obtained  directly  from  methylgranatonine  (I)  by  electrolytic  reduction: 
Willstatter ,  Veraguth,  Ber.  38,  1986]  and  granatanine  (VIII).  Granatanine 
hydrochloride  is  converted  by  distillation  with  zinc  dust  to  2 -propylpyridine  (IX) , 
conyrine  (p.  205). 
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By  elimination  of  water  from  methylgranatoline  with  glacial  acetic  acid  and 
concentrated  H2S04,  methylgranatenine  (X)  is  formed;  as  tropidine  gives  cyclo- 
heptatriene,  so  this  is  converted  by  exhaustive  methylation  to  cyclooctatriene 
(XI).  Willstdtter  was  able  to  introduce  another  double  bond  into  this  triene 
by  means  of  the  dibromide,  and  so  obtained  the  interesting  ring  homologue  of 
benzene,  cyclooctatetraene  (XII),  a  yellow  oil  ( Willstdtter ,  Waser,  Ber.  44,  3423; 
Willstdtter ,  Heidelberger,  Ber.  46,  517). 
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By  this  method  methylgranatanine  gives  1,5-cyclooctadiene.  Under  somewhat 
different  conditions,  methylgranatenine  decomposes  to  granatal,  C8H120,  3-cyclo- 
octenone,  the  analogue  of  tropilene  (p.  343)  [Ciamician,  Silber,  Ber.  29,  481; 
Willstdtter,  Veraguth,  Ber.  38,  1975;  Willstdtter,  Waser,  Ber.  44,  3423;  Pic- 
cinini,  Gazz.  29  (1899),  II,  104;  Atti  accad.Lincei  [5]  8  (1900),  II,  219;  Piccinini, 
Quartaroli,  Gazz.  29  (1899),  II,  115]. 


IV.  ALKALOIDS  OF  THE  QUINOLINE  GROUP 


CYTISINE,  ulexine,  sophorine,  CnHi4N20,  m.p.  152°,  b.p.  218°  (2  mm.), 
occurs  in  the  seeds  of  Cytisus  laburnum  and  other  varieties  of  Cytisus,  and  of 
Sophora  tomentosa  and  speciosa  [Parthiel,  Ber.  23,  3201;  24,  634;  Arch.Pharm. 
232  (1894),  161;  Plugge,  Arch.Pharm.  232  (1894),  444,  557;  233  (1895),  430; 
Gortner,  Arch.Pharm.  233  (1895),  527;  Rauwerda,  Nederl.Tydschr.Pharm.  12 
(1900),  161].  Cytisine  contains  an  imino  group:  acetyl  derivative,  m.p.  174°, 
benzoyl  derivative  m.p.  116°.  With  concentrated  nitric  acid  it  gives  a  nitronitroso- 
cytisine,  from  which  the  nitroso  group  can  be  eliminated,  leaving  nitrocytisine, 
which  can  be  reduced  to  aminocytisine .  With  hydrogen  peroxide  it  is  oxidized  to 
hydroxy  cytisine,  CnHi4N202.  Reduction  with  HI  and  phosphorus  yields,  among 
other  products,  cytisoline,  CnHnON,  m.p.  199°  (see  below),  which  is  oxidized  by 
Cr03  to  cytisolinic  acid,  CnH9N03,  and  reduced  by  Na  and  alcohol  to  a-cytisol- 
idine,  C11H15N  (platinum  chloride,  m.p.  216°).  When  reduced  electrolytically 
cytisine  gives  a  base  CnH22N2  ( Freund ,  Horkheimer,  Ber.  39,  818) . 

Knowledge  of  the  constitution  of  cytisine  has  been  gained  mostly  from  the 
reduction  products  with  hydriodic  acid.  Cytisoline,  CuHnON,  has  been  proved 
by  synthesis  to  be  6, 8-dimethyl -2 -quinolinol  ( Spath ,  Mo.  40,  93) ;  the  a-cytisol- 
idine,  CnH15N,  obtained  from  it  by  reduction  is  6 ,8-dimethyl-l ,2 ,3 A-tetrahydro- 
quinoline  ( Ewins ,  J.  103,  103) .  Therefore  cytisine  is  certainly  a  quinoline 
derivative.  Its  exact  constitution  is  not  known  (c/.  Spath,  Mo.  40,  15,  93) .  For 
proposed  formulas,  see  Spath,  Z.angew.Chem.  1928,  1260. 

Anagyrine,  Ci5H22N20  (?),  which  is  closely  related  to  cytisine,  is  found  with  it 
in  the  seeds  of  Anagyris  foetida  [Schmidt,  Arch.Pharm.  238  (1900),  184]. 

The  alkaloids  which  are  derivatives  of  4-quinolinol  are  similar  in  structure  to 
the  4-pyrone  or  chromone  compounds,  which  are  also  often  produced  by  plant 
syntheses. 

Echinopsine,  CioIIgON,  m.p.  152°,  a  simple  alkaloid  of  this  type,  is  obtained 
from  the  seeds  of  Echinops  ritro.  It  is  1 -methyl -4-quinolone : 
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This  structure  is  supported  by  its  conversion  with  PC15  to  4-chloroquinoline  and 
its  reduction  with  Na  and  alcohol  to  1 -methyl tetrahydroquinoline  (Spdth,  Kolbe, 
Mo.  43,  469). 

The  following  alkaloids,  which  are  almost  as  simple  in  constitution,  occur  in  the 
angostura  bark  ( Galipea  cusparia ) ,  which  is  native  to  South  America : 

Galipine  (I),  C2oH2103N,  m.p.  113.5°,  and  cusparine  (II),  Ci9Hi703N,  m.p. 
92°  (isolation  from  the  bark :  Spath,  Eberstaller,  Ber.  57,  1689) . 

Galipoline,  C19H19O3N,  m.p.  193°  (Spath,  Papaioanou,  Mo.  52,  129). 

These  are  tertiary  bases.  Galipine  contains  three  methoxy  groups,  and 
cusparine  contains  one.  Both  bases  yield  protocatechuic  acid  on  alkali  fusion. 
The  structure  of  the  second  half  of  the  molecule  follows  from  the  results  of  chromic 
acid  oxidation.  Galipine  gives  4:-methoxy quinoline -2 -carboxylic  acid  [identical 
with  the  methyl  ether  of  kynurenic  acid  (p.  242)  and  Spdth,  Brunner,  Ber.  57, 
1245]  and  veratric  acid. 
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These  formulas,  deduced  from  the  analytical  results,  are  verified  by  the  syn¬ 
thesis  of  galipine  from  2-methyl -4 -methoxy quinoline  and  veratraldehyde,  and  of 
cusparine  from  2 -methyl -4 -methoxy quinoline  and  piperonal,  the  unsaturated 
bases  first  formed  being  reduced  (Spath,  Brunner,  Ber.  57,  1243;  Spdth,  Eber¬ 
staller,  Ber.  57,  1687).  Galipoline  has  a  free  OH -group  in  the  4-position  of  the 
quinoline  ring.  It  can  be  converted  to  galipine  by  methylation. 

In  the  group  of  skimmia  alkaloids  there  are  several  naturally  occuring  sub¬ 
stances  which  contain  a  quinoline  ring  fused  with  a  furan  ring.  Their  structure 
is  known  through  their  oxidative  decomposition  to  quinoline  derivatives  of  known 
constitution  by  Asahina. 

Skimmianine,  Ci4H1304N,  m.p.  176°,  is  obtained  from  the  leaves  of  Skimmia 
japonica.  This  compound  contains  an  ether-like  oxygen  atom  and  three  methoxy 
groups,  of  which  one  isomerizes  when  treated  with  CH3I  to  an  N -methyl -4- 
quinolone,  a  reaction  typical  of  4-methoxyquinolines,  while  the  other  two  are 
evidently  ortho  to  one  another. 

The  oxidation  of  skimmianine  with  KMn04  yields  the  aldehyde  skimmianal, 
Ci3Hi305N  (m.p.  238°),  containing  one  less  carbon  atom,  and  the  corresponding 
skimmianic  acid,  Ci3H1306N  (m.p.  248°),  which  is  converted  by  decarboxylation 
and  partial  demethylation  to  7 ,8-dimethoxy-2,4:-quinolinediol  (m.p.  250°). 
These  experimental  results  are  best  expressed  by  (III)  for  skimmianine  and  (IV) 
for  the  acid  decomposition  product  (Asahina,  Nakanishi,  Ber.  63,  2057) : 
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Dictamnine,  C]2H902N,  m.p.  132°,  occurs  in  the  leaves  of  Skimmia  repens  and 
in  the  root  of  Dictamnus.  Its  constitution  as  the  methoxy -free  analogue  of 
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skimmianine  follows  from  analogous  decomposition  reactions  ( Asahina ,  Ohta, 
Inubuse,  Ber.  63,  2045). 


V.  QUIN OLINE-QUINU CLIDINE  GROUP: 
CINCHONA  ALKALOIDS 


Cinchona  barks  ( cortex  chinae)  are  derived  from  various  Cinchona 
species,  native  to  Bolivia  and  Peru  and  now  also  cultivated  in  Java: 
Cinchona  caiisaya,  C.  lancifolia,  C.  pitayensis  and  rubiaceen.  They 
contain,  in  addition  to  tannin,  a  bitter  principle,  quinovine  ( Wieland , 
Erlenbach,  Ann.  453,  83),  and  quinic  acid,  a  series  of  bases,  the  most 
important  of  which  are: 

Quinine . C20H24N2O2  Quinidine  (conquinine) . . .  •  C20H24N2O2 

Cinchonine . •C19H22N2O  Cinchonidine . C19H22N2O 

Hydrocinchonine ,  cincholine ,  C19H24N2O,  is  associated  with  cinchonine  (Hesse, 
Ann.  300,  42;  Arlt,  Mo.  20,  425),  and  cupreine  (p.  352)  is  associated  with 
quinine. 

QUININE,  C20H24N2O2  +  3  H20,  m.p.  173°  (anhydrous), 
[cx]d5  —158°  (alcohol),  crystallizes  from  alcohol  and  ether  in  silky 
needles.  Quinine  was  discovered  by  Pelletier  and  Caventou  in  1820; 
it  is  one  of  the  most  valuable  medicinals,  especially  for  intermittent 
fevers,  such  as  malaria,  and  is  an  antidote  for  many  infections  pro¬ 
duced  by  microorganisms.  It  constitutes  up  to  12%  of  the  yellow 
caiisaya  bark.  It  has  an  alkaline  reaction  and  a  bitter  taste,  and, 
being  a  diacid  base,  forms  primary  and  secondary  salts. 

Of  these  salts  the  sulfate,  (02(4124^02)2- H2S04  +  8H20,  and  the  hydrochloride, 
C2oH24N202-HCl  +  2H20,  are  used  medicinally.  The  former  forms  long,  shiny 
needles  which  fall  to  a  white  powder  when  exposed  to  the  air.  It  dissolves  in 
dilute  sulfuric  acid,  giving  a  solution  with  a  blue  fluorescence. 

When  a  solution  of  a  quinine  salt  is  treated  first  with  chlorine  or  bromine  water 
and  then  with  ammonia,  a  green  precipitate  is  formed;  this  redissolves  in  excess 
ammonia  with  an  emerald-green  color  (thalleioquinic  reaction).  Alcoholic 
iodine  solution  added  to  the  acetic  acid  solution  of  the  sulfate  precipitates  hera- 
pathite,  4Q  -3  H2S04  -2  HI  -I4  +3  H20,  which  crystallizes  in  emerald-green  plates 
with  a  golden  luster  and  polarizes  light  like  tourmaline. 

CINCHONINE,  C19H22N2O,  is  associated  with  quinine;  it  occurs 
principally  in  the  grey  cinchona  bark  ( Cinchona  huanaco)  (up  to 
2.5%).  It  crystallizes  from  alcohol  in  white  prisms,  sublimes  in 
needles  in  a  current  of  hydrogen  and  melts  at  264° ;  [a]v  +229°  (abs. 
alcohol).  Like  quinine  it  is  a  febrifuge,  but  a  less  effective  one. 

Quinidine,  m.p.  171°,  [q;]d  +229°  (abs.  alcohol),  and  cinchoni¬ 
dine,  m.p.  202°,  [a] D  — 111°,  are  shown  by  their  reactions  (see  below) 
to  be  stereoisomers  of  quinine  and  cinchonine  respectively.  Cin¬ 
chonine  can  be  converted  to  cinchonidine  by  heating  with  KOH  in 
amyl  alcohol  {Koenigs,  Husmann,  Ber.  29,  2185).  For  the  stereo¬ 
chemistry  of  the  cinchona  alkaloids,  see  Rabe,  Ann.  373,  85. 

Constitution. — Quinine  and  cinchonine  are  unsaturated,  ditertiary  bases. 
They  form  primary  and  secondary  salts,  and  add  one  or  two  molecules  of  alkyl 
iodide.  The  monoalkyl  iodides  exist  in  two  isomeric  forms,  one  colorless  and 
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the  other  dark  yellow;  the  former  is  obtained  by  combining  the  free  base  with  one 
molar  proportion  of  alkyl  iodide,  and  the  latter  by  warming  the  monoiodohydrate 
with  alkyl  iodide  and  then  treating  with  ammonia  ( Skraup ,  v.  Norwall,  Ber.  26, 
1968). 

In  accordance  with  their  unsaturated  structure,  quinine  and  cinchonine  add  one 
molecule  of  hydrogen  halide  and  two  atoms  of  bromine.  The  dibromides  are  con¬ 
verted  by  alkali  first  to  monobromoquinine  and  monobromocinchonine  and  then  to 
dehydroquinine  and  dehydrocinchonine,  C2oH22N202  and  C19H20N2O  ( Comstock , 
Koenigs,  Ber.  19,  2856;  Christensen,  J.pr.  69,  193).  For  the  addition  of  sulfur- 
ous  acid  to  quinine  and  quinidine,  see  Koenigs  and  Schonewald,  Ber.  35,  2980. 
With  hydrogen  and  colloidal  platinum,  quinine,  quinidine,  cinchonine  and 
cinchonidine  add  2  atoms  of  hydrogen  to  form  the  bases:  hydroquinine,  m.p. 
172°  (anhydrous),  [a]2D°  —142.2°;  hydroquinidine,  m.p.  167°,  [«]d  +  230° 
hydrocinchonine  (cinchotine) ,  m.p.  268°,  [<*+  +204.5°  (alcohol);  and  hydro- 
cinchonidine  ( cinchamidine ),  m.p.  229°,  [+]d  —98.4°  (alcohol).  These  hydro¬ 
genated  derivatives  have  also  been  found  together  with  quinine  and  cinchonine 
in  the  cinchona  barks  ( Knorr ,  Hess,  Ber.  44,  2866;  Skita,  Ber.  45,  3317;  Heidel¬ 
berg  er,  Jacobs,  Am.  41,  817). 

With  strong  mineral  acids  the  cinchona  alkaloids  rearrange  to  isomeric  bases : 
isoquinine,  isoquinidine ,  isocinchonine,  and  isocinchonidine .  The  reaction  of 
hydrohalogen  acids  with  cinchonine  at  room  temperature  has  been  investigated 
in  detail,  since  both  the  hydrogen  halide  addition  product  of  cinchonine  and  a- 
isocinchonine  are  formed  simultaneously;  the  mechanism  of  this  isomerization 
has  been  clarified  {Robe,  Bottcher,  Ber.  50,  127).  a- Isocinchonine  has  been 
identified  as  the  oxide  of  hydroxydihydrocinchonine  (see  formula)  ( Skraup ,  Mo. 
20,571,585;  22,171,253;  Bottcher,  Horowitz,  Mo.  32,793) . 

The  following  formulas  for  quinine  and  cinchonine  have  been  firmly  established 
by  numerous  investigations,  by  Koenigs,  v.  Miller,  Robe,  Rohde,  Skraup  and 
others  ( Koenigs ,  Ann.  347,  143;  Robe,  Ann.  350,  180;  364,  330;  365,  353) : 
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Quinine  is  methoxycinchonidine  or  6'-methoxy-3-vinylruban-9-ol,  since  the 
hypothetical  parent  compound  of  quinine  has  been  given  the  name  rubane  (see 
formula  and  Robe,  Ber.  55,  522) .  When  quinine  is  heated  with  hydrochloric  acid 
at  150°,  the  methyl  group  is  split  off,  leaving  apoquinine,  m.p.  210°  (dec.), 
[«]d  — 178°  (alcohol) ;  in  the  reaction  there  is  a  simultaneous  transposition  of  the 
molecule.  Demethylated  quinine,  hydroxy  cinchonidine,  C19H22N202,  has  been 
found  in  China  cuprea,  a  bark  derived  from  Remija  pedunculata,  and  is  termed 
cupreine,  m.p.  198°  (anhydrous),  [o:]d7  —175°  (alcohol).  With  methylating 
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agents  cupreine  gives  quinine  ( the  methyl  ether  of  cupreine) ,  and  with  hydrochloric 
acid  at  140°,  apoquinine. 

Catalytic  reduction  of  the  vinyl  group  of  cupreine  yields  hydrocupreine,  Ci9H24- 
N202,  which  can  also  be  obtained  by  demethylation  of  dihydroquinine  ( Kelber , 
Ber.  49,  55;  Giemsa,  Halberkann,  Ber.  51,  1325). 

Oxidative  Decompositio?i  of  the  Cinchona  Bases. — ( Koenigs ,  Ber.  35,  1357; 
Robe,  Ber.  49,  2753).  Cinchonine  (I)  is  converted  by  careful  oxidation  with 
chromic  acid  to  the  ketone  corresponding  to  the  secondary  alcohol,  cinchoninone 
(II),  m.p.  126°,  from  which  cinchonine  can  be  regenerated  by  reduction.  Qui¬ 
nine,  on  similar  treatment,  yields  quininone,  m.p.  108°.  The  ketones  obtained 
from  cinchonidine  and  quinidine  are  identical  with  cinchoninone  and  quininone. 
Strong  oxidation  with  chromic  acid  decomposes  cinchonine  and  quinine  to 
cinchoninic acid  (4-quinolinecarboxylicacid)  (IV)  (p.241)  or  quinicacid  (methoxy- 
quinoline -4 -carboxylic  acid)  and  meroquinene  (III),  m.p.  224°  (dec.)  (j uepos, 
portion) .  The  latter,  on  further  oxidation  with  KMn04,  gives  cincholoiponic 
acid  (Xoittos,  remaining),  3-carboxy-4-piperidineacetic  acid,  m.p.  222°  (an¬ 
hydrous)  (V),  and  then  loiponic  acid,  hexahydrocinchomeronic  acid  (VI),  m.p. 
259°.  With  the  calculated  amount  of  dilute  permanganate  solution,  cinchonine 
is  oxidized,  with  simultaneous  elimination  of  formic  acid,  to  cinchotenine  (VII), 
m.p.  197°,  and  quinine  is  similarly  oxidized  to  quinotenine. 
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For  the  action  of  ozone  on  the  cinchona  alkaloids,  see  Seekles,  Rec.  42,  69. 

With  hydrogen  peroxide  crystalline  N-oxides  are  formed  ( Speyer ,  Becker,  Ber. 

55,  1321). 

The  primary  oxidation  product  of  cinchonine,  cinchoninone,  m.p.  127°,  is  a 
tautomeric  substance.  In  the  keto  form  it  forms  an  oxime,  and  in  the  enol  form 
it  reacts  with  acetyl  and  benzoyl  chloride  to  give  the  corresponding  acetyl  and 
benzoyl  derivatives.  Cinchoninone  is  decomposed  by  the  action  of  amyl  nitrate 
and  sodium  ethylate  to  cinchoninic  acid  and  isonitrosovinylpuinuclidine  (VIII),  an 
inner  amidoxime  which  yields  hydroxylamine  and  meroquinene  (IX)  on  saponifica¬ 
tion  ( Rabe ,  Ber.  41,  62;  Ann.  365,  353).  The  fact  that  quininone,  when  sub¬ 
jected  to  the  same  series  of  reactions,  gives  the  same  isonitroso  derivative  is  note¬ 
worthy  from  the  stereochemical  viewpoint  {Rabe,  Ann.  373,  89). 
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Disintegration  of  the  Cinchona  Alkaloids:  the  Quinatoxines  ( Rubatoxanones : 
Robe,  Ber.  55,  523). — The  disintegration  of  the  bicyclic  or  “second  half”  of  the 
cinchona  bases,  already  noted  in  their  oxidation,  occurs  with  remarkable  facility 
in  other  reactions.  When  cinchonine  (I  below)  or  quinine  is  digested  for  a  long 
time  with  dilute  acetic  acid,  the  bond  between  the  nitrogen  atom  and  the  neigh¬ 
boring  CH -group  is  broken,  and  the  CH  (OH)  -group  is  converted  to  a  keto-group. 
(v.  Miller,  Rohde,  Ber.  33,  3214).  The  velocity  of  this  isomerization  increases 
with  decreasing  dissociation  constant  of  the  acid  used;  it  is  therefore  greater 
in  organic  acids  than  in  mineral  acids  {Robe,  Ber.  43,  3308;  Biddle,  Ber.  45,  527) . 
Cinchonine  gives  the  isomeric  cinchotoxine  (II),  m.p.  59°,  which,  like  the  corre¬ 
sponding  quinotoxine  (yellow  oil,  [«]d  +38.4°;  hydrochloride  m.p.  180°),  is 
very  poisonous  and  has  no  antipyretic  action.  The  “toxines”  from  cinchonidine 
and  quinidine  are  identical  with  those  obtained  from  cinchonine  and  quinine.  A 
similar  decomposition  occurs  when  the  methyl  iodide  addition  product  of  cincho¬ 
nine  (III)  is  boiled  with  alkali  or  dilute  acetic  acid,  HI  being  eliminated  and  N- 
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methylcinchotoxine  (IV)  formed;  the  latter  can  also  be  obtained  by  methylation 
of  cinchotoxine.  With  nitrous  acid  cinchotoxine  gives  a  monoisonitroso  com¬ 
pound.  The  Beckmann  rearrangement  of  this  isonitrosocinchotoxine  (V)  and  of 
N -methylcinchotoxine  oxime  (VI)  gives  interesting  products.  The  former  de¬ 
composes  into  cinchoninic  acid  (VII)  and  the  nitrile  of  meroquinene  (VIII). 
With  N -methylcinchotoxine  oxime  the  rearrangement  takes  two  courses,  one 
yielding  cinchoninic  acid  (IX)  and  1 -methyl -3-vinyl -4-(aminoethyl) -piperidine 
(X),  and  the  other  leading  to  4-aminoquinoline  (XI)  and  N-methylhomomero- 
quinene  (XII)  ( Konigs ,  Ber.  40,  648,  2873 ;  Rabe,  Milarch,  Ann.  382,  365). 

Cinchotoxine  has  been  used  for  a  partial  synthesis  of  cinchonine.  With  hypo- 
bromous  acid  it  forms  a  bromoimine,  which  is  converted  by  elimination  of  1  HBr 
with  sodium  ethylate  to  cinchoninone ;  the  latter  can  be  reduced  to  cinchonine 
(Rabe,  Ber.  44,  2088;  Rabe,  Kindler ,  Ber.  51,  466;  see  formulas,  p.  356).  The 
synthesis  of  quinuclidine,  which  is  similar  to  the  second  part  of  the  cinchona  bases, 
has  already  been  described  (p.  224). 

Decomposition  of  Cinchonine  Chloride  and  Quinine  Chloride  ( Koenigs ,  J.pr.  61, 
1). — When  cinchonine  and  quinine  are  treated  with  PC15,  cinchonine  chloride  (I), 
m.p.  72°,  and  quinine  chloride,  m.p.  151  °,  are  formed.  Digestion  with  alcoholic 
KOH  converts  these  by  elimination  of  HC1  to  cinchene  ( II)  and  quinene,  which 
are  also  obtained  from  cinchonidine  and  quinidine  by  similar  treatment.  (For 
the  constitution  of  these  unsaturated  derivatives,  c/.  Rabe,  Ber.  55,  524,  footnote.) 
However,  when  the  chlorides  of  these  four  alkaloids,  cinchonine,  cinchonidine, 
quinine,  and  quinidine  chloride,  are  reduced,  the  chlorine  atoms  are  replaced  by 
hydrogen  atoms,  with  formation  of  four  different  desoxy  compounds:  desoxy- 
cinchonine,  desoxy  cinchonidine,  desoxy  quinine,  and  desoxy  quinidine. 

Cinchene  and  quinene  decompose  with  simultaneous  addition  of  water  in  two 
different  ways.  When  heated  with  20%  aqueous  phosphoric  acid  cinchene  and 
quinene  yield  lepidine  (IV)  or  methoxylepidine  and  meroquinene  (III). 
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On  prolonged  boiling  with  hydrobromic  acid,  cinchene  and  quinene  split  am¬ 
monia  and  some  methyl  bromide  and  add  water,  forming  apocinchene  and  apo- 
quinene: 


Ci9H20N2  (cinchene)  +  H20  =  Ci9Hi9NO  (apocinchene)  +  NH3 
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By  decomposition  and  partial  synthesis  apocinchene  has  been  identified  as 
4-(2-hydroxy-3,4-diethylphenyl)quinoline;  apoquinene  is,  therefore,  4-(2- 
hydroxy-3,4-diethylphenyl)quinolinol. 

The  formation  of  apocinchene,  4-(2-hydroxy-3,4-diethylphenyl)quinoline  (III) 
by  hydrolysis  of  cinchene  (I),  is  outlined  in  the  following  equations: 
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The  rearrangement  of  the  hypothetical  intermediate  product  (II)  into  the 
phenylquinoline  derivative  is  analogous  to  the  conversion  of  olefinic  terpenes  to 
cyclic  compounds,  e.q.,  the  formation  of  isopulegol  from  citronellal. 

Synthesis  of  Cinchona  Alkaloids. — Since  the  conversion  of  cinchotoxine  to 
cinchonine  has  already  been  described,  only  the  formation  of  the  second  half  of 
the  cinchona  alkaloids  is  necessary  to  complete  a  total  synthesis.  This  may  be 
considered  fulfilled  by  the  synthesis  of  quinuclidine  (p.  224),  3 -ethylquinuclidine 
(p.  224)  and  cincholoiponic  acid  (p.  225),  on  the  one  hand,  and  of  cinchoninic 
acid  or  quininic  acid,  on  the  other.  However,  the  fusion  of  the  two  sections  is 
still  lacking.  Some  promising  work  has  been  done  on  this  problem  ( Rabe , 
Kindler,  Ber.  51,  1360;  52,  1842;  Rabe,  Kindler,  Wagner,  Ber.  55,  532).  Ac¬ 
cording  to  these  investigations,  the  quinuclidine  section  can  be  introduced  into 
the  molecule  as  homocincholoipone  (I) ;  at  the  present  time,  however,  no  total 
synthesis  for  this  compound  is  known  ( Koenigs ,  Ottmann,  Ber.  54,  1343).  To 
form  dihydrocinchonine  the  homocincholoipone  is  condensed  with  ethyl  cincho- 
ninate  by  an  acetoacetic  ester  condensation  to  the  1,3-oxocarboxylic  acid  ester 
(II) ,  which  is  easily  converted  to  rubatoxanone  (III) .  At  this  point  the  synthesis 
becomes  analogous  to  the  partial  synthesis  of  cinchonine  from  cinchotoxine.  In 
this  simpler  case  it  proceeds  through  IV  to  the  vinyl-free  9 -rubanone  (V)  and  then 
by  reduction  to  9 -hydroxyrubane  (VI)  (Qu  =  4-quinolyl). 
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The  exceptional  curative  action  of  quinine  has  instigated  many  attempts  to 
prepare  a  moie  efficacious  derivative.  Ethylhydrocupreine  is  used  medicinally  as 
optochine,  and  the  isoamyl-  and  isobctylhydrocupreines  as  eucupine  and  vuzine. 
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VI.  ALKALOIDS  OF  THE  ISOQUINOLINE  GROUP 


1.  Several  of  the  alkaloids  of  the  anhalonium  base  type  have 
been  identified,  principally  through  the  investigations  of  Spath, 
as  simple  derivatives  of  isoquinoline.  They  are  obtained  from  the 
flower  substances  of  Anhalonium  Lewinii,  A.  Williamsi  or  A.  fissura- 
tum. 


Anhalamine,  C11H15O3N,  m.p.  185.5°;  anhalonidine,  Ci2Hi703N,  m.p.  154°; 
anhalonine,  Ci2H1503N,  m.p.  85°;  pellotine,  Ci3Hi903N,  m.p.  110°;  lophophorine, 
Ci3H1703N,  sirup. 

All  these  bases  are  derivatives  of  1,2, 3  A-tetrahy  dr  oisoquinoline-Q, 7 ,8-triol  (I) 
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The  determination  of  the  constitution  of  these  bases  was  accomplished  with  the 
aid  of  a  similar  base,  mezcaline,  CnHi703N,  b.p.  180°  (12  mm.),  which  had  al¬ 
ready  been  proved  by  synthesis  to  be  trimethoxyphenethylamine  (Spath,  Ber.  40 
129;  42,  263).  The  relationship  between  this  substance  and  the  anhalonium 
bases  is  evident  from  its  formula; 


hsco/VC\ch 


h3co^ 

OCHj 

Mezcaline 


NH2 


and  also  from  its  condensation  with  formaldehyde  to  the  bicyclic  anhalonium 
bases  (Spath,  Mo.  42,  97). 

The  position  of  the  free  hydroxy  group  has  been  established  by  synthesis  for 
all  the  alkaloids. 

Syntheses:  anhalamine  (Spath,  Udder,  Mo.  43,  93);  anhalonidine  and  pello¬ 
tine  (Spath,  Mo.  42,  97);  anhalonine  and  lophophorine  (Spath,  Gangl,  Mo.  44, 
K)3) . 

Another  simple  isoquinoline  derivative  is  the  alkaloid  carnegine,  Ci3Hi902N, 
hydrochloride,  m.p.  228°,  optically  inactive;  it  has  been  isolated  from  Carnegiea 
gigantea  [Heyl,  Arch.Pharm.  266  (1929),  668] .  Its  formula  has  been  proved  by 
synthesis  (Spath,  Ber.  62,  1021). 
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2.  OPIUM  BASES.  Opium,  the  dried  juice  of  the  green  seed 
capsules  of  poppy  ( Papaver  somniferum),  contains,  besides  meconic 
acid  (3-hydroxy-l,4-pyrone-2,6-dicarboxylic  acid)  and  meconine 
(5,6-dimethoxyphthalide),  a  series  of  bases  of  which  the  most  im¬ 
portant  are: 


Morphine,  Ci7H19N03  (to  12%) 
Codeine,  C18H21N03  (0.3%) 
Thebaine,  Ci9H2iN03  (0.4%) 
Neopine,  Ci8H21N03 
Papaverine,  C20H2iNO4  (0.8%) 


Narcotine,  C22H23N07  (to  8%) 
Narceine,  C23H27N08  (0.2%) 
Laudanosine,  C2iH27N04  (0.0008%) 
Laudanine 


Laudanidine 


} 


C20H25NO4 


From  the  determination  of  the  molecular  composition  of  morphine  in  1848  to 
the  postulation  of  the  currently  accepted  structure  for  morphine  (1923),  75  years 
elapsed;  during  this  time  many  able  chemists  investigated  the  problem,  and 
contributed  a  body  of  data  which  laid  the  foundation  for  the  later  clarification 
of  the  morphine  structure.  The  simplest  of  this  group  of  alkaloids  (papaverine 
and  the  like)  were  early  recognized  as  derivatives  of  isoquinoline,  and  morphine, 
codeine,  and  thebaine  are  now  known  to  contain  isoquinoline  rings  also  (see  p. 
249).  For  the  development  of  these  investigations,  consult  the  following  refer¬ 
ences:  P.  Kappelmeier,  Die  Konstitutionserforschung  der  wichtigsten  Opium  - 
alkaloide,  Stuttgart,  1912  (Ahrens-Sammlung) ;  Gulland,  Robinson,  J.  123,  980 
(1923),  and  the  literature  references  listed  there;  Schopf,  Die  Konstitution  der 
Morphiumalkaloide,  Ann.  452,  211. 


MORPHINE,  Ci7Hi7NO(OH)2  +  H20,  m.p.  254°  (dec.,  an¬ 
hydrous),  [a]D  —130.9°  (methanol),  crystallizes  from  alcohol  in  small 
prisms,  has  a  bitter  taste  and  in  small  quantities  produces  sleep.  It 
is  a  tertiary  monoacid  base,  having  an  alkaline  reaction.  Its  officinal 
hydrochloride,  Ci7Hi9NCVHC1  +  3  H20,  [a]D  —100.7°  (H20),  mor- 
phinum  hydrochloricum,  forms  delicate  silky  needles ;  it  is  widely  used 
as  a  means  of  producing  pain-killing  sleep. 

Morphine  was  the  first  alkaloid  to  be  isolated  from  a  plant  {Serturner ,  1806) . 
Its  composition  was  determined  by  Laurent  in  1848. 

The  solutions  of  morphine  and  its  salts  are  colored  dark  blue  by  ferric  chloride. 
The  solutions  in  concentrated  sulfuric  acid  turn  blue-red  on  addition  of  a  little 
nitric  acid.  Morphine  is  readily  oxidized  by  KMn04  in  the  presence  of  bicar¬ 
bonate,  2  molecules  joining,  with  loss  of  two  hydrogen  atoms,  to  form  pseudo¬ 
morphine,  (Ci7Hi8N03)2  [  Vongerichten ,  Ann.  294,  206;  Balls,  J.Biol.Chem.  71 
(1929),  537] ,  which  has  also  been  isolated  from  opium.  When  reduced  with  hy¬ 
drogen  and  colloidal  platinum,  morphine  adds  two  atoms  of  hydrogen,  yielding 
dihydromorphine,  Ci7H2103N  ( Knorr ,  Hess,  Ber.  44,  2865).  Morphine  contains 
two  hydroxyl  groups,  and  behaves  as  a  phenol  alcohol,  forming  salts  with  only 
one  atom  of  metal,  but  giving  two  acetyl  derivatives.  Diacetylmorphine  is  used 
officinally  under  the  name  heroine.  The  third  oxygen  atom  of  the  morphine 
molecule  is  inactive.  On  distillation  with  zinc  dust  morphine  yields  phenan- 
threne  (see  p.  361,  structural  formula)  and  a  mixture  of  two  bases  ( Vongerichten , 
Ber.  34,  1162). 

For  the  effect  of  ozone  on  morphine  and  hydrogenated  bases  of  the  morphine 
series,  see  Speyer,  Popp,  Ber.  59,  390;  Speyer,  Roell,  Ber.  63,  539. 

On  treatment  with  phosphorus  halides  or  anhydrous  liquid  hydrogen  halide 
acids,  the  alcoholic  hydroxyl  group  in  morphine  is  replaced  by  halogen.  The 
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chloromorphide,  Ci7Hi7ClN(0H)0,  and  bromomorphide  so  formed  yield  three 
bases  isomeric  with  morphine,  a-,  p-  and  7 -isomorphine,  on  hydrolysis  ( cf . 
the  analogous  reaction  with  codeine)  (Opp6,  Ber.  41,  975) . 

Apomorphine,  10,11  -  dihydroxy  -6  -  methyl  -  5, 6, 6a, 7  -  tetrahydro  -4  -  di- 
benzo[de,  g]quinoline,  C17H17NO2  (I)  is  obtained  from  morphine  by  the  elimina¬ 
tion  of  one  molecule  of  water  by  the  action  of  concentrated  hydrochloric  acid  at 
140-150°  or  of  other  dehydrating  agents,  such  as  sulfuric  acid,  phosphoric  acid, 
or  oxalic  acid.  It  differs  markedly  from  morphine  in  its  physiological  properties; 
't  is  not  a  narcotic,  but  a  strong  emetic.  Its  methyl  bromide  addition  product  is 
used  medicinally  under  the  name  Euporphine.  Apomorphine,  unlike  morphine, 
contains  two  phenolic  hydroxyl  groups.  Its  dimethyl  ether  can  be  converted 
by  exhaustive  methylation  first  to  dimethylapomorphimethine,  8-/3-dimethyl- 
aminoethyl-3,4-dimethoxyphenanthrene  (II),  then  to  3,4-dimethoxy-8-vinyl- 
phenanthrene,  which  can  be  oxidized  to  3,4-dimethoxyphenanthrene-8-carboxylic 
acid  (III)  ( Pschorr ,  Ber.  40,  1984).  Since  the  place  of  attachment  of  the  nitro¬ 
gen  atom  is  known  from  the  relationship  between  morphine  and  codeine  (see 
under  hydroxycodeine) ,  the  structure  of  apomorphine  may  be  considered  es¬ 
tablished.  (For  the  synthesis  of  the  dimethyl  ether  of  apomorphine,  see  p.  370.) 
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From  a  comparison  with  the  similar  transformation  of  thebaine  to  morpho- 
thebaine  (p.  362)  it  is  evident  that  the  transition  from  morphine  to  apomorphine 
must  be  attended  by  such  an  extensive  rearrangement  that  the  structure  of  mor¬ 
phine  cannot  be  proved  from  that  of  apomorphine.  For  the  individual  phases  of 
the  formation  of  apomorphine,  see  Schopf,  Borkowsky,  Ann.  458,  162. 

Codeine,  Ci7Hi7NO(OCH3)OH,  hydrate,  m.p.  155°,  [«]d  —137.7°  (alcohol), 
sulfate,  m.p.  278°  (dec.) ,  is  present  in  opium  and  can  be  prepared  by  methylating 
morphine  with  KOH  and  methyl  iodide  or  dimethyl  sulfate  or  diazomethane,  or 
technically  by  methylating  the  sodium  salt  of  morphine  with  trimethylphenyl- 
ammonium  chloride  (Ger.  Pat.  247180,  1909;  Frdl.  X,  1215);  therefore  it  must 
be  methylmorphine  ( Grimaux ,  C.r.  92,  1140;  Ger.  Pat.  102634,  1898).  Its 
methyl  iodide  addition  product  (I)  is  converted  by  heating  with  alkali  to  «- 
methylmorphimethine  (II),  m.p.  118°.  This  is  decomposed  by  warm  acetic 
anhydride  to  the  acetic  acid  ester  of  /3-hydroxyethyldimethylamine  (IV)  and 
methylmorphol,  4-hydroxy -3 -methoxyphenanthrene  (III)  ( Knorr ,  Ber.  37, 
3494) : 
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The  identification  of  morphol  as  3,4-dihydroxyphenanthrene  (synthesis: 
Vol.  Ill,  p.  674)  follows  from  its  oxidation  to  morpholquinone  (3, 4-dihydroxy  - 
phenanthrenequinone)  and  then  to  phthalic  acid,  and  also  from  the  formation  of 
dimethylmorphol  (3,4-dimethoxyphenanthrene)  from  2-amino-3,4-dimethoxy-ar- 
phenylcinnamic  acid  ( Pschorr ,  Sumuleanu,  Ber.  33,  1810;  Vongerichten,  Ber.  33, 
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1824).  The  fission  of  the  methyl  iodide  addition  product  of  a-methylmorphi- 
methine  by  alcoholic  alkali  yields  trimethylamine  and  morphenol,  3 -hydroxy - 

ch-c6h3^-x 

phenanthro[4,5-6cd]furan  ||  J>0  ( Vongerichten ,  Ber.  33,  352;  34, 

CH-C6H2(OHK 

2722). 

The  elimination  of  the  nitrogen  as  an  ester  of  /3-hydroxyethyldimethylamine 
proves  the  presence  of  the  group  H3CN  -  C  -  C  in  the  alkaloid. 

By  careful  oxidation  with  chromic  acid  codeine  is  converted  to  a  hydroxy- 
codeine,  Ci7Hi6NO(OCH3) (OH)2  (I).  This  compound  contains  two  alcoholic 
hydroxyl  groups,  and,  like  codeine,  yields  by  decomposition  of  its  methyl  iodide 
addition  product  hydroxymethylmorphimethine  (II).  When  heated  with  acetic 
anhydride  the  latter  decomposes  into  /3-dimethylaminoethyl  acetate  and  3 
methoxy-4,9-diacetoxyphenanthrene  (III),  which  oxidizes  to  a  ketone,  methy 
acetylmorpholquinone,  3-methoxy-4-acetoxyphenanthrenequinone  (IV) . 
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Hence  it  follows :  (a)  that  the  hydroxyl  group  acquired  in  the  first  step  of  this 

decomposition  is  attached  to  one  of  the  linking  carbon  atoms  of  the  phenanthrene 
nucleus  (9  or  10) ;  (6)  that  the  phenanthrene  bridge  in  morphine  alkaloids  is 

hydrogenated,  since  this  hydroxyl  group  is  alcoholic  in  nature;  and  (c)  from  the 
conversion  of  the  hydroxyl  group  to  a  carbonyl  group  in  the  transformation  of 
hydroxy  codeine  to  hydroxymethylmorphimethide,  that  “m  the  morphine  alkaloids 
the  nitrogen  of  the  side-ring  is  attached  to  the  hydrogenated  bridge  of  the  phenanthrene 
nucleus ”  ( Pschorr ,  Einbeck,  Ber.  40,  1980;  Knorr,  Horlein,  Ber.  40,  2042). 

Codeine  is  oxidized  by  permanganate  in  acetone  solution  or  by  hot  chromic 
acid  mixture  to  codeinone,  Ci8Hi9N03,  m.p.  186°,  [«]d  —205°  (alcohol),  whose 
oxime-forming  ketone  group  is  produced  from  the  alcoholic  hydroxyl  group  of 
morphine  (see  above).  In  contrast  to  codeine  and  in  analogy  with  thebaine, 
codeinone  is  decomposed  by  boiling  with  acetic  anhydride  to  the  acetic  acid  ester 
of  N-acetyl-N-fi-hydroxyethylmethylamine  and  3  -methoxy  -4 , 6  -dihydroxyphe  - 
nanthrene. 

Dihydrocodeinone  is  used  as  a  pharmaceutical  under  the  name  dicodide,  the 
acetyl  compound  derived  from  its  enol  form  under  the  name  acedicone,  and  di¬ 
hydrohydroxy  codeinone  under  the  name  eucodal. 

For  the  action  of  ozone  on  dihydrocodeine,  see  Speyer ,  Popp,  Ber.  59,  390; 
Speyer,  Ber.  62,  209;  Speyer,  Roell,  Ber.  63,  539. 

For  the  conversion  of  codeine  to  thebenine  and  morphothebaine,  see  p.  362. 

Like  morphine,  codeine  also  reacts  with  phosphorus  halides,  forming  chloro- 
codide,  CnHi7NCl(0CH3)0,  and  bromocodide  by  replacement  of  the  alcoholic 
hydroxyl  group  by  halogen.  These  products  do  not  regenerate  codeine  on 
hydrolysis,  but  form,  according  to  the  conditions,  three  isomers  of  codeine,  iso¬ 
codeine,  pseudocodeine,  and  allopseudocodeine,  which  can  also  be  obtained  by 
methylation  of  the  corresponding  isomorphines  ( Speyer ,  Wieters,  Ber.  54,  2647; 
Speyer,  Krauss,  Ann.  432,  233).  The  isocodeine  is  a  stereoisomer  of  codeine, 
since  oxidation  with  Cr03  converts  them  to  the  same  codeinone  (see  above). 
Pseudocodeine  and  allopseudocodeine  are  structurally  identical,  and  yield  on 
oxidation  a  pseudocodeinone ,  isomeric  with  codeinone;  the  methyl  iodide  addition 
product  of  this  oxidation  product  decomposes  when  boiled  with  alcohol  to  3- 
methoxy-4,8-dihydroxyphenanthrene.  The  conversion  of  codeine  to  pseudo- 
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codeine  and  allopseudocodeine  is  therefore  accompanied  by  a  shifting  of  the 
alcoholic  hydroxyl  group  from  position  6  to  position  8  of  the  phenanthrene  nucleus. 
Since  the  replacement  of  the  OH -group  by  hydrogen  results  in  the  production  of 
the  same  desoxycodeine  Ci8H2iN02  from  all  the  isomeric  forms  of  codeine,  these 
isomers  must  all  have  the  same  C — N  skeleton,  and  therefore  position  8  is  elimi¬ 
nated  as  the  site  of  attachment  of  the  side -ring.  Also,  position  7  of  the  phe¬ 
nanthrene  nucleus  is  excluded  from  consideration  because  codeinone  and  pseudo- 
codeinone  contain  a  reactive  CH2-group  next  to  the  carbonyl  group. 

If  we  summarize  the  data  concerning  the  structure  of  morphine  and  codeine, 
we  obtain  the  following  picture : 

1 .  Presence  of  a  phenanthrene  nucleus : 


10  9 


3  4  5  6 


2.  In  the  3 -position  of  the  phenanthrene  nucleus  morphine  is  substituted  by  a 
hydroxy  group,  and  codeine  by  a  methoxy  group;  the  ether-like  oxygen  atom  is 
in  the  4-position  and  the  alcoholic  hydroxyl  group  is  in  the  6-position  in  both 
alkaloids  (from  the  constitution  of  methylmorphol) . 

3.  An  easily  hydrogenated  double  bond,  in  the  a,  /3-position  to  the  alcoholic 
hydroxyl  group  (dihydro  products,  conversion  of  codeine  to  pseudocodeine). 

4.  A  radical,  H3CN •  CH2 •  CH2— ,  from  the  fission  of  (H3C)2N -CH2CH2OH 
from  morphol. 

5.  The  nitrogen  member  is  attached  to  the  9-  or  10-position  of  the  phe¬ 
nanthrene  nucleus  (see  hydroxycodeine) . 

6.  The  other  end  of  the  nitrogen -containing  group  cannot  be  joined  in  the  8- 
position  (from  the  conversion  of  codeine  to  pseudocodeine),  in  the  7-position 
(since  codeinone,  dihydrocodeinone  and  pseudocodeinone  each  contain  a  reactive 
methylene  group)  nor  in  the  6-position  of  the  phenanthrene  nucleus  (since  this 
is  the  site  of  the  secondary  alcoholic  group) . 

The  second  point  of  attachment  of  this  side -ring  must  therefore  be  the  C-atom 
in  the  5-,  4 b-,  or  8a-position  of  the  phenanthrene  nucleus,  which  corresponds  to 
the  4a-,  9c-,  or  7a-position  in  the  morphine  molecule  (see  formula  below),  re¬ 
spectively.  This  most  difficult  problem  in  the  determination  of  the  structure  of 
morphine  was  solved  by  the  discovery  through  clever  experimental  work  (see 
below)  that  only  the  9c- (45-  in  the  phenanthrene  formula)  position  is  available 
for  this  linkage.  Thus  the  complete  formula  for  morphine  and  codeine  was  first 
presented  by  Gulland  and  Robinson  (J.  123,  980)  and  later  completely  confirmed 
by  Schopf  (Ann.  452,  211) : 


OH 

3 


9 

h2 


[io]  /CHS 

8  N< 

H/  \CH2[h] 

7>H  '  7 


H 

4a 


4 

Morphine 


OH 

5 


i 


ch3 


h2 


h 


./» — ^h2c m  h>  <  y 


NCHj 
CH2 


H 


Codeine 


-H2C 


% 


OH 


According  to  these  formulas,  the  principal  alkaloids  of  the  opium  group  are 
derivatives  of  hydrogenated  isoquinoline;  the  nitrogen  atom  and  the  C-atoms 
11,  12,  9c,  7a,  and  8  form  the  heterocyclic  ring. 

For  variations  of  the  codeine  molecule,  and  their  effect  on  the  physiological 
properties,  see  v.  Braun,  Ber.  59,  1081. 

Neopine  { P -codeine) ,  Ci8H2i03N,  m.p.  127.5°,  has  been  isolated  from  the  last 
residual  liquor  of  the  opium  alkaloids.  It  is  a  structural  isomer  of  codeine  (double 
bond  from  7-C  to  7a-C;  v.  Duin,  Robinson,  Smith,  J.  1926,  903). 

Thebaine,  CnHisNCKOCHs^,  silvery  plates,  m.p.  193°  [q:]d  —218°  (alcohol), 
is  converted  to  codeinone  by  eliminatibn  of  a  methyl  group  with  dilute  mineral 
acids.  Thebaine  is  therefore  the  methyl  ether  of  the  enol  form  of  codeinone. 
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The  relationships  among  the  three  opium  alkaloids — morphine,  codeine,  and 
thebaine— are  summarized  by  the  following  ( Knorr ,  Ber.  39,  1409) : 
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On  catalytic  hydrogenation  thebaine  yields  a  mixture  of  hydrogenated  products, 
from  which  dihydrothebainone ,  dihydrothebaine  (m.p.  162°;  picrate  m.p.  238°) 
and  tetrahydrothebaine  (m.p.  83°;  hydrochloride  m.p.  116°)  can  be  isolated 
C Schopf ,  Ann.  452,  240) .  The  formation  of  a  tetrahydrothebaine  indicates  that 
thebaine  contains  two  double  bonds.  This  result,  and  the  relationship  between 
codeinone  and  thebaine,  gives  formula  (I)  for  thebaine. 
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On  catalytic  hydrogenation  of  thebaine  (palladium  black  +  H2)  the  oxide 
ring  opens  very  readily.  Further  investigation  has  shown  that  this  reductive 
fission  under  mild  conditions,  leading  to  the  formation  of  a  phenolic  hydroxyl 
group,  is  a  characteristic  of  those  derivatives  of  morphine  which  contain  a  double 
bond  from  the  5-C  to  the  6-C.  Therefore  the  catalytic  hydrogenation  of  thebaine 
also  yields,  with  simultaneous  saponification  of  the  methoxy  group,  dihydro¬ 
thebainone  (II) ,  m.p.  140°  (oxime,  m.p.  240-245°)  ( Schopf ,  Ann.  452,  235) . 

The  oxide  ring  can  also  be  very  easily  formed ;  the  dihydrothebainone  can  be 
converted  to  dihydrocodeinone .  For  several  such  partial  syntheses  in  the  mor¬ 
phine  series,  see  Schopf ,  Pfeifer,  Ann.  483,  157;  for  the  method  used  in  this  case, 
see  the  section  on  sinomenine. 

Reactions  and  Decomposition  of  Thebaine. — When  boiled  with  acetic  anhydride, 
thebaine  is  split  into  /3-(methylamino) -ethyl  acetate  and  the  acetyl  ester  of  3,6- 
dimethoxyA-hydroxyphenanthrene,  thebaol;  the  latter  has  been  synthesized  from 
2-amino-3,4-dimethoxy-o;-(p-methoxyphenyl) -cinnamic  acid  (P schorr,  Seydel, 
Stohrer,  Ber.  35,  4400). 

Thebaine  reacts  with  warm  hydrochloric  acid  in  either  of  two  ways,  depending 
on  the  concentration  of  the  acid.  By  short  warming  with  dilute  hydrochloric 
acid  a  secondary  base,  thebenine,  Ci7Hi4N(OH)2(OCH3), is  formed;  concentrated 
hydrochloric  acid  produces  an  isomeric  tertiary  base,  morphoihebaine,  CnHi4N- 
(OH)2(OCH3),  with  intermediate  formation  of  a  halochromic  red  compound 
( Schopf ,  Borkowsky,  Ann.  458,  148).  Under  the  same  conditions  codeinone  (p. 
360)  also  forms  thebenine  and  morphothebaine.  Morphothebaine  is  an  analogue 
of  apomorphine  (p.  359).  Its  dimethyl  ether  is  decomposed  by  exhaustive 
methylation  to  3,4,6-trimethoxy-8-vinylphenanthrene,  which  can  be  oxidized  to 
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3,4,6-trimethoxyphenanthrene-8-carboxylic  acid  ( P schorr ,  Ann.  373,  52;  Pschorr, 
Knoffler,  Ann.  382,  50).  During  the  conversion  of  thebaine  to  morphothebaine 


Morphothebaine 


,CH30 

ch3o 


co2h 


V 

CHjO 


3,4,6-Trimethoxyphenan- 
threne-8-carboxylic  acid 


3,4, 8-T  rimethoxy- 
phenanthrene-5- 
carboxylic  acid 


the  side-ring  shifts  from  the  9c-C  to  the  7-C,  after  temporarily  resting  on  the 
7a-C  (a  retropinacoline  rearrangement)  (raeta-thebainone  series:  Schopf, 
Perrey,  Ann.  483,  169).  For  details  of  the  reaction  mechanism  of  the  formation 
of  morphothebaine,  see  Schopf,  Borkowsky,  Ann.  458,  160. 

Thebenine  is  converted  by  an  analogous  series  of  reactions  (exhaustive  methyla- 
tion,  oxidation  of  the  des-base)  to  3,4,8-trimethoxyphenanthrene-5-carboxylic 
acid.  In  the  formation  of  thebenine,  the  OH-group  wanders  from  position  5  to 
position  7,  and  the  heterocyclic  side-ring  shifts  from  9c-C  to  the  4a-C.  A  similar 
wandering  of  the  hydroxyl  group  occurs  in  the  transition  of  codeine  to  pseudo¬ 
codeine  (p.  360) .  This  condition  is  verified  by  the  formation  of  triacetylthebaine 
by  heating  pseudocodeinone  with  acetic  anhydride  ( Pschorr ,  Ann.  373,  56). 
For  the  individual  phases  of  the  formation  of  thebenine,  see  Schopf,  Borkowsky, 
Ann.  458,  162. 

Thebaine  is  converted  by  hydrogen  peroxide  to  hydroxy codeinone  ( Freund , 
Speyer ,  J.  pr.  94,  135;  Schopf ,  Ann.  452,  249).  This  hydroxyketone,  formed  by 
a  1,4-  addition  of  H202  to  thebaine,  contains  a  hydroxy  group  on  the  7a-C: 


Hydroxycodeinone 


For  the  products  of  the  reaction  of  thebaine  with  ozone,  thebaizone,  see  Wie- 
land,  Small,  Ann.  467,  17. 

Another  alkaloid  with  a  structure  like  morphine,  sinomenine,  is  not  found  in 
opium,  but  in  a  climbing  plant  native  to  southern  Japan,  Sinomenium  acutum. 
It  is  used  as  a  remedy  for  rheumatism . 

Sinomenine,  Ci9H23N04,  m.p.  182°  (161°),  [<x]d  —70.7°;  hydrochloride  m.p. 
231°.  The  proof  of  its  constitution  is  due  to  the  work  of  the  Japanese  investi¬ 
gators  Kondo,  Ochiai  (Ann.  470,  224)  and  K.  Goto  [Goto,  Sudznki,  Bull.Chem.Soc. 
Japan  4  (1929),  163,  224]. 

According  to  the  results  of  their  work,  sinomenine  (analyzed  by  the  Zeisel 
*  The'heterocyclic  side-ring  is  omitted  from  the  diagram. 
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method)  contains  two  CH30 —  and  one  CH3N —  group,  and,  since  it  dissolves  in 
aqueous  sodium  hydroxide,  a  phenolic  hydroxyl  group.  Of  the  four  oxygen 
atoms,  three  are  thereby  taken  into  account;  the  fourth  is  in  a  ketone  group, 
as  is  evident  from  the  formation  of  an  oxime,  a  semicarbazone,  etc.  An  ethylene 
group  in  the  molecule  is  easily  saturated,  with  formation  of  dihydrosinomenine , 
C19H25NO4,  m.p.  199°. 

As  in  the  case  of  morphine,  the  phenanthrene  nucleus  was  discovered  by  its 
formation  in  the  zinc  dust  distillation  of  sinomenine.  From  this  result  alone, 
however,  the  alkaloid  might  also  be  an  apomorphine  derivative  (see  p.  359). 
The  similarity  of  its  reaction  products  to  those  of  thebaine  is  shown  by  the  follow¬ 
ing  experimental  data :  When  sinomenine  is  reduced  by  the  Clemmensen  method 
with  zinc  amalgam  and  hydrochloric  acid,  both  methoxy  groups  and  the  keto 
group  are  removed  and  the  double  bond  is  hydrogenated.  The  desoxytetrahydro¬ 
sinomenine  so  obtained  was  found  to  be  the  optical  antipode  of  dihydrothebacodine , 
one  of  the  electrolytic  reduction  products  of  dihydrothebainone;  the  constitution 
of  dihydrothebacodine  was  already  known  (see  below,  and  Kondo,  Ochiai,  Ber. 
63,  646).  The  constitution  of  desoxytetrahydrosinomenine  is  thereby  established 
(c/.  thebaine  formula,  p.  363) : 
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From  the  constitution  of  desoxytetrahydrosinomenine  that  of  sinomenine  can 
be  derived,  except  for  the  positions  of  the  methoxy  and  hydroxy  groups  elimi¬ 
nated  in  the  reduction.  To  find  these,  sinomenine  was  fused  with  alkali,  which 
converted  it  by  loss  of  the  nitrogen  atom  and  the  carbon  atoms  directly  attached 
to  it  to  sinomenol,  CieHnCh,  m.p.  176°,  a  dihydric  phenol.  The  dimethyl  ether 
of  this  phenol  is  identical  with  the  3, 4,6, 7 -tetramethoxyphenanthrene  synthesized 
according  to  the  P schorr  method.  The  free  hydroxyl  group  and  the  3 -methoxy 
group  must  therefore  occupy  positions  4  and  7  of  the  phenanthrene  nucleus, 
respectively  (see  the  formula  of  sinomenine) . 

As  its  formula  shows,  sinomenine  has  the  same  ring  skeleton  as  morphine,  except 
that  the  oxide  ring  present  in  the  opium  alkaloids  is  missing,  and  its  place  is 
taken  by  a  phenolic  hydroxyl  group  on  one  side.  Several  alkaloids  of  the  sino¬ 
menine  series  have  been  converted  to  derivatives  of  the  codeine  series  by  closure 
of  the  oxide  ring.  The  formation  of  l-bromo-7-methoxycodeinone  from  sino¬ 
menine  is  accomplished  by  treating  the  dibromo  substitution  product  of  the 
latter  with  alkali  ( Schopf ,  Ann.  483,  160) : 
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Sinomenine 


l-Bromo-6-methoxycodeinone 


Similar  conversions  of  dihydrothebanone  to  dihydrocodeinone  and  of  dihydro- 
hydroxythebainone  to  dihydrohydroxycodeinone  have  also  been  successful 
( Schopf ,  Pfeifer ,  Ann.  483,  158). 

A  number  of  alkaloids  associated  with  morphine  are  derivatives  of  1  -benzyl- 
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isoquinoline.  Their  structure  was  determined  without  difficulty,  and  has  been 
verified  by  synthesis. 

PAPAVERINE  (I),  1  -(3 ,^-dimethoxybenzyX) -6,7 -dimethoxy isoquinoline,  C20H2i- 
N04,  m.p.  148°,  optically  inactive.  Its  constitution  is  evident  from  its  decom¬ 
position  products:  Hydriodic  acid  splits  off  4  CH3I,  leaving  papaveroline  (II). 
Potassium  permanganate  converts  papaverine  to  papaveraldine,  l-(3,4-di- 
methoxybenzoyl)-6,7-dimethoxyisoquinoline  (III),  which  is  also  found  in  opium 
( Dobson ,  Perkin,  J.  99,  135) .  Alkali  fusion  splits  papaverine  into  6,7-dimethoxy- 
isoquinoline  (IV)  and  veratric  acid  (V)  (Vol.  Ill,  p.  366).  Oxidation  of  papa¬ 
veraldine  yields  papaveric  acid,  2-(3,4-dimethoxybenzoyl) -pyridine-3, 4-di- 
carboxylic  acid  (VI),  6, 7 -dimethoxy isoquinoline -1 -carboxylic  acid  (VII),  2,3,4- 
pyridinetricarboxylic  acid  (VIII)  and  metahemipinic  acid  (IX)  ( Goldschmiedt ,  Mo. 
9,  327) : 


Synthesis  of  Papaverine  ( Pictet ,  Ber.  42,  2943). — The  isonitroso  compound 
obtained  from  acetoveratrone  (Vol.  Ill,  p.  352)  with  amyl  nitrite  and  sodium 
ethylate  is  reduced  by  stannous  chloride  and  hydrochloric  acid  to  glycylveratrone 
(I).  This  condenses  with  homoveratric  acid  chloride  (II)  in  the  presence  of 
alkali  to  N-homoveratroylglycylveratrone  (III),  which  is  reduced  by  sodium 
amalgam  to  /3-veratroylamino-a-(3,4-dimethoxyphenyl)  -ethanol  (IV).  The 
latter  is  converted  by  P205  in  boiling  xylene  (c/.  the  isoquinoline  syntheses,  p. 
250)  to  papaverine  (V) ,  2  H20  being  eliminated : 
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(IV)  CH(OH) 
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For  other  syntheses  of  papaverine  from  the  readily  obtainable  3,4-dihydro- 
papaverine  by  dehydrogenation  over  Pd-asbestos,  see  Spdth,  Burger ,  Ber.  60,  704, 
and  Mannich,  Walther,  Arch.Pharm.  265  (1927),  1.  For  the  synthesis  of  bases 
similar  to  papaverine,  see  Mannich,  Falber,  Arch.Pharm.  267  (1930),  601. 

Laudanosine,  C21H27NO4,  m.p.  89°,  [o:]d  +103.2°;  the  racemic  form,  m.p. 
115°,  occurs  in  very  small  quantities  (about  0.0008%)  in  opium.  It  is  closely 
related  to  papaverine,  the  hydrochloride  of  dl -laudanosine  being  obtained  by  re¬ 
duction  of  the  methyl  chloride  addition  product  of  papaverine  with  tin  and 
hydrochloric  acid;  it  is  therefore  N -methyltetrahydropapaverine .  dZ-Laudanosine 
can  be  resolved  by  means  of  its  quinate  into  optically  active  antipodes,  the 
dextrorotatory  modification  being  identical  with  the  laudanosine  found  in  opium. 
The  synthesis  of  papaverine  therefore  includes  that  of  laudanosine.  For  another 
synthesis,  over  dihydropapaverine,  see  Pictet,  Finkelstein,  Ber.  42,  1979. 


-CH2- 


H  CH 

(t)  ch3oAAnch8 
cHsO^aJch, 

H  CH2 

Laudanosine 


hAh 


H 


V 

OCH, 


OCH3  (*) 


Laudanine,  C2oH25N04,  m.p.  166°  (optically  inactive),  and  its  levorotatory 
form,  laudanidine,  m.p.  177°,  [q;]d  —87.8°  (chloroform),  are  similar  in  structure 
to  laudanosine.  They  are  the  phenol  bases  corresponding  to  laudanosine,  having 
an  OH -group  at  the  position  marked  (*)  in  the  above  formula.  Laudanosine  is 
converted  to  laudanine  by  heating  with  concentrated  hydrochloric  acid  in  a  tube 
( Spdth ,  Burger,  Mo.  47,  733).  Codamine,  m.p.  126°,  occurring  in  opium,  has 
the  same  structure  as  laudanosine  except  for  an  OH -group  in  place  of  the  methoxy 
group  at  (f). 

Narcotine  (I)  (see  equations  on  p.  367),  C22H23NO2,  m.p.  176°,  [<x]d  —198° 
(chloroform),  is  separated  from  morphine  with  aqueous  potassium  hydroxide, 
in  which  it  is  insoluble  ( Robiquet ,  1817).  When  heated  with  alcohol  or  acetic 
acid  at  high  temperatures,  it  racemizes  to  gnoscopine  =  dZ-narcotine,  m.p.  233°, 
which  also  occurs  in  opium,  but  probably  as  a  product  of  narcotine.  Gnoscopine 
can  be  resolved  by  means  of  its  d-camphorsulfonate  to  d-  and  Lnarcotine  ( Perkin , 
Robinson,  J.  99,  775) .  When  heated  with  water  at  140°  narcotine  is  decomposed 
to  cotarnine  (II),  C12H15NO4,  m.p.  125°  [Wohler,  Ann.  50  (1844),  1],  and  meco- 
nine  (III) ;  the  latter  can  be  oxidized  to  opianic  acid  (3,4-dimethoxyphthalalde- 
hydic  acid)  and  hemipinic  acid  (3,4-dimethoxyphthalic  acid). 

Cotarnine  is  a  “pseudo -ammonium  base”  of  the  isoquinoline  series  ( cf .  pp. 
201,  230,  and  251),  from  which  salts  of  the  true  isomeric  ammonium  base  are  ob¬ 
tained  with  acids.  These  pseudo- bases,  and  also  cotarnine,  must  exist  in  the 
desmotropic  form  as  secondary  amino  alcohols  [ Decker ,  Ber.  33,  2273;  Dobbi , 
Tinkler,  Proc.Chem.Soc.  20  (1904),  162] : 
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This  desmotropic  character  of  cotarnine  explains  some  of  its  contradictory  re¬ 
actions.  Cotarnine,  in  the  aldehydic  form,  yields  an  oxime  ( Roser ,  Ann.  254, 
335)  and  an  anil,  which  reacts  with  methyl  iodide  at  room  temperature  to  give  a 

/CH:NC6H6 

quaternary  trimethylammonium  iodide,  C8H603<  ( Freund ,  Becker, 

_  .  XC2H4N(CH3)3I  j 

Ber.  36,  1522) .  It  also  condenses  with  ketones  and  compounds  containing  a  re¬ 
active  methylene  group  with  elimination  of  water;  some  of  these  condensation 

,  ,  t  ,  7  /CH :  CHCOCH3 

products,  such  as  anhydrocotarnineacetone,  C8H603^  have  an 

XCH2-CH2NHCH3 

open  structure,  since  they  form  benzoyl  derivatives  ( Kropf ,  Ber.  37,  27.44) .  In 
the  enol  form  cotarnine  is  reduced  (c/.  Bandow,  Wolffenstein,  Ber.  31,  1577)  to  di- 
hydrocotarnine  (IV),  and  is  oxidized  by  KMn04  to  hydroxycotarnine  (V)  [Wulf 
Bull. Acad. St. Petersburg  [5],  11  (1900),  45;  C.  1900,1,  1029;  Freund,  Wulff, 
Ber.  35,  1737];  both  these  products  are  true  tetrahydroisoquinoline  deriva¬ 
tives.  On  further  oxidation  hydroxycotarnine  gives  cotarnic  acid,  4-methoxy- 
l,3-benzodioxole-5,6-dicarboxylic  acid  (VI),  which  yields  4-methoxy-l,3-ben- 
zodioxole -5 -carboxylic  acid  when  heated  with  hydrochloric  acid,  and  gallic  acid 
when  heated  with  HI  (Roser,  Ann.  249,  156;  254,334;  272,221;  for  the  synthe¬ 
sis  of  cotarnic  acid,  see  Perkin,  Robinson,  Thomas,  J.  95,  1977) .  Nitric  acid  ox¬ 
idizes  cotarnine  to  apophyllenic  acid  (VII),  the  methyl  betaine  of  cinchomer- 
omc  acid  (cf.  Koenigs,  Wolff,  Ber.  29,  2190).  When  boiled  with  dilute  acetic 
acid,  narcotine,  like  the  cinchona  alkaloids  (p.  354),  decomposes  to  a  ketone, 
nornarceine  (VIII),  whose  isonitroso  derivative  is  split  by  the  Beckmann  rear¬ 
rangement  to  hemipinic  acid  (X)  and  a  nitrile  (IX)  (Robe,  McMillian,  Ann. 
377,223). 
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Synthesis  of  Cotarnine  and  Narcotine. — 4-Methoxy-l,3-benzodioxole-6-pro- 
pionic  acid,  CH30[4]CH202-C6H2[6]CH2*CH2C00H,  prepared  from  myristi cine- 
aldehyde,  CH30[4]CH202-C6H4[6]CH0,  by  condensation  with  acetic  ester, 
saponification  and  reduction,  is  converted  by  treatment  of  its  amide  with  hypo- 
chloride  to  homomyristicylamine,  4-methoxy-6-/3-aminoethyl-l,3-benzodioxole 
CH30[4]CH202-C6H2[6]CH2CH2NH2.  The  phenacyl  derivative  of  this  base  (I) 
condenses  when  heated  with  P2O5  in  xylene  to  4-methoxy-5-benzyl-7,8-dihydro- 

1 .3 - dioxolo[  <7]  isoquinoline  (II),  whose  methyl  iodide  addition  product  is  reduced 
by  tin  and  hydrochloric  acid  to  a-benzylhydrocotarnine  (III).  The  latter  is 
oxidized  by  manganese  dioxide  and  dilute  sulfuric  acid,  with  simultaneous  elimi¬ 
nation  of  benzaldehyde,  to  cotarnine,  4-methoxy-6-methyl-5,6,7,8-tetrahydro- 

1.3- dioxolo[<7]isoquinolinol-5  (IV)  [Salway,  J.  97,  1208;  cf.  Decker,  Chem.Ztg. 
35  (1911),  1076] : 
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Cotarnine  and  meconine  combine  when  boiled  in  methanol  solution  to  form 
cd-narcotine  or  gnoscopine,  whose  resolution  into  d-  and  Z-narcotine  is  mentioned 
above  ( Perkin ,  Robinson,  J.  99,  775).  For  the  synthesis  of  /3-gnoscopine,  see 
Hope,  Robinson,  J.  105,  2085. 

Narceine  (VI)  C23H27NO8  +  3  H20,  m.p.  170°  (anhydrous),  optically  inactive 
is  found  together  with  narcotine  in  opium ;  it  is  formed  from  N  -methylnarcotinium 
iodide  (V)  by  treatment  with  aqueous  potassium  hydroxide  [ Freund ,  Ann.  286, 
248;  Frankforter,  Keller,  Am.Chem.J.  22  (1899),  61].  See  the  analogous  con¬ 
version  of  mothylcinchoninium  iodide  to  methylcinchotoxine,  p.  355. 
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A  simpler  alkaloid  of  the  benzylisoquinoline  group  is  found  in  the  Japanese 
species  of  Cocculus:  coclaurine,  CioHig03N,  m.p.  221 0  [Kondo,  Kondo,  J.Pharm. 
Soc.  Japan  48  (1929),  166] : 
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HYDRASTINE  (I),  C21H21NO6  (see  equations,  p.  369),  m.p.  132°,  [q:]d  —67° 
(chloroform)  ( Durand ,  1851) ,  occurs  together  with  berberine  (p.  372)  in  barberry, 
Berberis  vulgaris,  and  in  the  root  of  Hydrastis  canadensis,  a  North  American  plant 
belonging  to  the  Ranunculaceae  [Gordin,  Prescott,  Am.  J.Pharm.  71  (1899),  257]. 
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Hydrastine  is  similar  in  structure  to  narcotine,  from  which  it  differs  only  in  having 
one  methoxy  group  less.  With  oxidizing  agents  it  decomposes  into  opianic  acid 
(III)  and  hydrastinine  (II),  m.p.  116°,  which  is  the  cause  of  the  er^oi-like  physio¬ 
logical  action  of  hydrastine.  Hydrastinine  reacts  like  cotarnine  (p.  366), 
partly  as  a  cyclic  alkamine,  partly  as  an  aminoaldehyde .  By  elimination  of 
water  it  forms  salts  which  are  true  dihydroisoquinolinium  salts. 

On  reduction  hydrastinine  gives  dihydrohydrastinine,  6-methyl-5,6,7,8-tetra- 
hydro-1 ,3-dioxolo  [gr]  isoquinoline  (IV).  When  oxidized  with  potassium  per¬ 
manganate,  hydrastinine  first  forms  hydrastininol  (V)  and  then  hydrastinic  acid, 
which  rearranges  with  nitric  acid  to  the  methylimide  of  hydrastic  acid,  1,3-benzo- 
dioxole-5,6-dicarboxylic  acid  (VI).  For  the  synthesis  of  hydrastic  acid,  see 
Perkin,  Robinson,  J.  91 ,  1073 ;  Oertly,  Pictet,  Ber.  43,  1336.  Hydrastinine  itself, 
like  cotarnine,  is  oxidized  by  nitric  acid  to  apophyllenic  acid  (VII)  ( Roser ,  Ann. 
249, 172;  Freund,  Ann.  271,  311) : 
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Synthesis  of  Hydrastinine. — Piperonalacetalamine  (VIII)  condenses  in  concen¬ 
trated  sulfuric  acid  to  1 ,3-dioxolo  [  <7  ]  isoquinoline  (IX),  whose  methyl  iodide  addi¬ 
tion  product  (X)  is  reduced  by  tin  and  hydrochloric  acid  to  hydrohydrastinine 
(see  IV,  above),  m.p.  60-61  °.  The  latter  is  converted  by  potassium  dichromate 
and  sulfuric  acid  to  hydrastinine  ( Fritsch ,  Ann.  286,  18)  : 
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Laudanosine  (p.  366),  a  derivative  of  l-benzyl-l,2,3,4-tetrahydroisoquinoline, 
leads  by  a  simple  addition  to  its  formula  to  two  other  polycyclic  ring-systems 
which  are  the  bases  of  a  series  of  alkaloids.  The  following  formulas  show  this 
relationship : 
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Alkaloids  of  the  apomor- 
phine  group:  apomor- 
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Alkaloids  of  the  berberine 
group:  berberine,  palmatine, 
jatrorrhizine,  columbamine,  co¬ 
rydaline,  corytuberine 
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The  characteristic  products  of  the  oxidation  with  KMnCL  of  apomorphine 
alkaloids,  as  derivatives  of  phenanthrene,  are  S-phenanthrenecarboxylic  acid,  and, 
on  stronger  oxidation,  mellophanic  acid  (1,2,3,4-benzenetetracarboxylic  acid), 
together  with  a  corydaldinecarboxylic  acid  (I) : 


Alkaloids  of  the  berberine  group  are  converted  by  oxidation  to  hemipinic  acid 
(3,4-dimethoxyphthalic  acid)  and  corydaldine  (II).  The  membership  of  an 
alkaloid  in  one  of  these  groups  (apomorphine  or  berberine)  can  generally  be  de¬ 
duced  from  its  oxidation  products. 

Apomorphine  is  mentioned  among  the  reaction  products  of  morphine  on  p. 
359 .  N umerous  members  of  the  apomorphine  group  have  been  synthesized  by  a 
combination  of  the  Bischler  and  Napieralski  isoquinoline  synthesis  (Ber.  26, 1903 ; 
see  p.  250)  and  the  Pschorr  phenanthrene  synthesis  (Ber.  29,  496).  The  course 
of  such  a  synthesis  for  the  dimethyl  ether  of  apomorphine  is  given  by  the  follow¬ 
ing  equations  ( Spath ,  Hromatka,  Ber.  62,  325;  Haworth,  Perkin,  Rankin,  J.  127, 
2018;  Robinson,  Shinoda,  J.  1926,  2198) : 
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In  this  synthesis  2  -nitrohomoveratroyl  chloride  in  benzene  solution  is  converted 
by  phenethylamine  to  the  acid  amide,  which  is  condensed  by  P205  to  an  isoquinoline 
derivative.  The  methyl  chloride  addition  product  of  l-(2-nitroveratryl)-3,4:-di~ 
hydroisoquinoline  is  reduced  with  tin  and  hydrochloric  acid  to  the  corresponding 
aminotetrahydroisoquinoline,  which  is  condensed  by  the  Pschorr  phenanthrene 
ring  formation  to  the  dimethyl  ether  of  apomorphine. 

The  same  method  has  been  used  to  prepare  the  dimethyl  ether  of  corytuberine 
(Spath,  Hromatka,  Ber.  61 , 1692)  and  the  dimethyl  ether  of  bulbocapnine  (Gulland, 
Haworth,  J .  1928,  1132;  Wessely,  Demmer,  Ber.  61,  1279). 


BULBOCAPNINE.  GLAUCINE 
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In  a  few  cases  it  is  possible  to  prepare  apomorphine  compounds  from  1 -benzyl- 
isoquinoline  derivatives  by  nitration  and  subsequent  ring  closure;  see  the  con¬ 
version  of  laudanosine  to  glaucine  (p.  372). 

Bulbocapnine,  C19H19O4N,  m.p.  199°,  [a]D  +237°,  is  the  principal  alkaloid  of 
the  corydalis  tubers.  Unlike  its  associated  alkaloids  (see  below) ,  it  belongs  to  the 
apomorphine  group.  Zinc  dust  distillation  of  its  decomposition  products  yields 
8-ethylphenanthrene,  which  is  also  obtained  in  the  same  way  from  apomorphine. 
Oxidative  decomposition  of  bulbocapnine  with  KMn04  yields  hydrastininol  (I) . 
while  energetic  oxidation  with  concentrated  HNO3  gives  mellophanic  acid  (ben¬ 
zene-1, 2,3, 4-tetracarboxylic  acid),  which  is  the  decomposition  product  of  the 
phenanthrene  nucleus  of  all  apomorphine  derivatives  ( Spath ,  Holler ,  Posega, 
Ber.  61,322): 
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For  the  total  synthesis  of  d-bulbocapnine  methyl  ether  (m.p.  128-129°;  [cx]d 
4-259°)  by  the  method  shown  above  for  the  dimethyl  ether  of  apomorphine,  see 
Gulland,  Haworth,  J.  1928,  1132;  Spath,  Hromatlaa,  Ber.  61,  1334. 

Corytuberine,  Ci9H2i04N*5H20,  m.p.  240°  (dec.),  [o;]d  +282.6°  (alcohol), 
also  occurring  in  the  bulbs  of  Corydalis  cava,  is  closely  related  to  bulbocapnine 
(III,  above).  It  contains  two  methoxy  groups  and  two  phenolic  hydroxyl 
groups,  and  is  converted  by  partial  methylation  to  a  mixture  of : 

Corydine,  C20H23O4N,  m.p.  149°  (dry),  [or]D  +204.3°  (CHC13)  and 

Isocorydine,  C2oH2304N,  m.p.  185°,  [«]d  +195.3°. 

Glaucine,  C2iH2504N,  m.p.  119-120°,  [«]d  +113.3°  (alcohol)  ,  is  obtained  from 
Glaucium  luteum.  Its  constitution  has  been  established  by  tne  conversion  of 
nitrolaudanosine  to  d^-glaucine  [ Gadamer ,  Arch.Pharm.  249  (1911),  680]. 

The  nitrolaudanosine  resulting  from  nitration  of  laudanosine  is  reduced,  di- 
azotized  and  boiled  with  copper  powder  (see  synthesis  of  phenanthrene,  Vol.  Ill, 
p.  668) ;  the  dZ-glaucine  so  formed  is  resolved  by  means  of  tartaric  acid  to  d-  and 
^-glaucine.  The  dextrorotatory  modification  is  identical  with  the  naturally 
occurring  glaucine. 
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Glaucine  is  also  prepared  by  methylation  of  laurotetanine,  Ci9H2i04N-H20, 
m.p.  125°,  [«]  d  +98.5°,  a  secondary  phenol-base  of  the  apomorphine  type.  For 
its  probable  constitution,  see  Spath,  Strauhal,  Ber.  61, 2395. 

dZ-Dicentrine,  m.p.  169°,  from  Dicentra  pusilla,  is  also  a  member  of  the  apo¬ 
morphine  group,  having  the  following  formula  [Osada,  J.Pharm.Soc. Japan,  48 
(1928),  85,  423]: 
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BERBERINE,  C^HigOsN,  occurring  in  the  roots  of  the  barberry  ( Berberis 
vulgaris )  and  in  many  other  plants,  is  the  principal  alkaloid  of  the  berberine 
group.  It  exists  in  an  ammonium  form  (formula  16  on  p.  373)  ( berberinium 
hydroxide) ,  stable  only  in  aqueous  solution,  and  in  a  yellow  form  ins^uble  in 
water,  m.p.  144°,  for  which  formula  I  ( berberinal )  and  formula  la  ( berberine  or 
berberinol )  has  been  suggested  ( Gadamer ,  Arch.  Pharm.  243,  31;  Tinkler,  J.  99, 
1340;  Perkin,  J.  113,  504).  Berberine  is  optically  inactive.  Oxidation  with 
KMn04  yields  among  other  compounds  t<hydroxyberberine,i  (II)  and  berberal 

(III)  .  The  latter  is  decomposed  by  boiling  dilute  H2S04  to  pseudoopianic  acid 

(IV)  and  6,7-methylenedioxy-3,4-dihydro-l(2)-isoquinolone  (V)  ( Perkin ,  J.  55, 
63;  57,  992;  Schmidt,  Arch.  Pharm.  225,  168).  “Phenyldihydroberberine” 
from  berberine  and  CeELMgBr  yields  2-benzoyl-3,4-dimethoxybenzoic  acid  with 
KMn04  ( Faltes ,  Mo.  31,  557). 
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As  an  amino  aldehyde  berberine  forms  an  oxime  with  hydroxylamine  and  a  p- 
dimethylaminoanil  with  p-dimethylaminoaniline  [ Gadamer ,  Arch.Pharm.  243 
(1905),  31] ;  it  condenses  with  ketones  with  elimination  of  water  (see  the  deriva¬ 
tive  with  acetone:  Pyman,  J.  99,  1690).  When  warmed  with  alkali  berberine 
yields  “ dihydroberberine ”  and  “ hydroxyberberine ”  (II,  above).  Berberine  has 
affinity  for  fibers..  It  forms  yellow-brown  needles.  On  reduction  it  gives  the 
colorless  “tetrahydroberberine ,”  C2qH2iN04,  the  racemic  form  of  canadine,  which  is 
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found  together  with  hydrastine  in  the  root  of  Hydrastis  canadensis.  With  the  aid 
of  bromocamphorsulfonic  acid,  tetrahydroberberine  can  be  resolved  into  d-  and  l- 
canadine  [  Foss,  Gadamer,  Arch.Pharm.  248  (1910) ,  43] .  When  berberine  hydro¬ 
chloride  is  heated  at  200  °  in  a  current  of  CO2,  methyl  chloride  is  split  off  and  a  dark 
red  phenolbetaine,  berberubin,  C19H15NO4,  is  produced;  berberine  hydriodide  is 
regenerated  from  this  by  the  action  of  methyl  iodide  [ Frerichs ,  Arch.Pharm.  248 
(1910),  276;  constitution  of  berberubin:  Spath,  Burger,  Ber.  59,  1488] . 

The  complete  synthesis  of  berberine  has  been  accomplished  by  the  preparation 
of  hydroxyberberine  (Spath,  Quietensky,  Ber.  58,  2268;  Perkin,  Rdy,  Robinson, 
J.  127,  740)  (see  p.  373). 

The  alkaloids  of  the  calumba  root  are  similar  in  structure  to  berberine  (prepara¬ 
tion  of  the  alkaloids:  Spath,  Duschinsky,  Ber.  58,  1942;  Spath,  Polgar,  Mo.  52, 
117).  Palmatine,  C2iH2204N(0H),  iodide  m.p.  240°, is  converted  by  reduction 
to  the  characteristic  tetrahydropalmatine,  C21H25O4N,  m.p.  144°,  which  is  found 
in  its  d-form  in  corydalis  tubers  (Spath,  Mosettig,  Trbthandl,  Ber.  56,  875;  Spath, 
Mosettig,  Ber.  59,  1496).  Jatrorrhizine,  C2oH2o04N(OH) ,  iodide, m.p. 208-210°; 
the  nitrate,  m.p.  225°  (dec.),  can  be  reduced  to  tetrahydrojatrorrhizine,  which 
occurs  in  its  dLform,  known  as  corypalmine,  in  the  tubers  of  Corydalis  cava  (see 
below) .  With  these  two  bases,  a  third,  columbamine,  isomeric  with  jatrorrhizine 
is  found  in  small  quantities  (Spath,  Burger,  Ber.  59,  1486). 

Palmatine  has  been  found  to  have  the  following  constitution,  which  is  similar  to 
berberine  [Feist,  Sandstede,  Arch.Pharm.  256  (1918),  1]. 
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The  formula  of  palmatine  has  been  determined  by  the  results  of  the  oxidative 
decomposition.  Berberine  can  be  converted  into  palmatine  or  tetrahydropalmatine 
(Spath,  Lang,  Ber.  54,  3064;  Spath,  Quietensky,  Ber.  58,  2269).  For  the  com¬ 
plete  synthesis  of  d -tetrahydropalmatine  from  berberine,  see  Spath,  Mosettig, 
Ber.  59,  1497.  When  palmatine  is  heated  alone,  a  methyl  group  is  eliminated, 
leaving  a  red  phenolbetaine,  palmatrubin  (constitution:  Spath,  Burger,  Ber.  59, 
1489),  analogous  to  the  berberubin  from  berberine. 

Jatrorrhizine  (II)  is  the  phenol-base  corresponding  to  palmatine  (Spath, 
Duschinsky,  Ber.  58,  1939),  to  which  it  is  converted  by  methylation  with  diazo¬ 
methane  . 

For  the  constitution  of  columbamine,  see  Spath,  Burger,  Ber.  59,  1486. 

A  structure  similar  to  that  of  the  alkaloids  of  the  calumba  root  is  found  in 
several  bases  of  the  larkspur  tubers  (Corydalis  cava,  Bulbocapnus  cavus) .  The 
versatility  of  plant  synthesis  is  demonstrated  in  this  species.  The  same  plant 
contains  iDases  of  the  apomorphine  group  (bulbocapnine  is  the  principal  alkaloid) 
and  others  of  the  berberine  or  protopine  type.  Bulbocapnine  has  been  described 
on  p.  371.  Those  of  the  berberine  type  include: 

Corydaline,  C22H27O4N,  m.p.  134°,  [a]  2d°+300°;  corybulbine,  C2iH2504N,  m.p. 
237°,  [«]d  +303°;  isocorybulbine ,  m.p.  180°,  [«]d  +299.8°;  d-tetrahydro- 
palmatine,  C21H25O4N,  m.p.  142°,  [a]©  +292.5°  (Spath,  Mosettig,  Trothandl , 
Ber.  56,  877);  d-tetrahydro jatrorrhizine  =  corypalmine,  C21H25O4N,  m.p.  236°, 

[a+Da  +280  °, 

These  alkaloids  are  derivatives  of  tetrahydroberberine.  This  relationship  is 
shown  by  a  comparison  of  the  formulas  of  berberine  and  corydaline : 
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The  constitution  of  corydaline  has  been  established  chiefly  from  the  products  of 
oxidation  with  KMn04  ( Spdth ,  Dobrowsky,  Ber.  58,  1274).  This  structure  is 
supported  by  the  formation  of  dl-corydaline  by  reduction  of  the  product  obtained 
by  introduction  into  palmatine  (after  protecting  the  nitrogen  atom  with  acetone) 
with  CH3I  of  the  additional  methyl  group  which  is  present  in  corydaline  [v. 
Bruchhausen,  Arch.Pharm.  259  (1923) ,  245] .  Corybulbine  and  isocorybulbine  are 
the  corresponding  phenol -bases  (see  formula) . 

M ethylenepapaverine  can  also  be  converted  into  corydaline  (Spdth,  Kruta,  Ber. 
62,  1024). 


PROTOPINE  ALKALOIDS 


Some  of  the  bases  of  the  protopine  type  have  been  found  in  opium,  and  some  as 
subsidiary  alkaloids  in  the  corydalis  root.  The  determination  of  their  constitu¬ 
tion  is  due  to  the  investigations  of  W.  H.  Perkin  (J.  109,  815).  The  following 
alkaloids  are  characteristic  of  the  group : 

Protopine,  C20H19O5N,  m.p.  208°,  optically  inactive,  was  first  isolated  from 
opium  and  later  from  other  plants,  especially  Dicentra  spectabilis.  It  contains 
two  methoxy  groups.  Cryptopine,  C21H23O5N,  m.p.  219  °,  a  subsidiary  alkaloid  of 
morphine,  contains  one  methylenedioxy  group  and  two  methoxy  groups.  Cory- 
cavine,  C21H21O5N,  m.p.  222°,  optically  inactive  [ Gadamer ,  v.  Bruchhausen , 
Arch.Pharm.  260  (1922) ,  97] ,  and  its  optically  active  form,  corycavamine  (Spdth, 
Hotter,  Ber.  60,  1893),  have  been  isolated  from  the  corydalis  root. 

A  comparison  of  the  formulas  of  protopine  and  berberine  shows  the  similarity 
between  these  two  types  of  alkaloids : 
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In  the  protopine  type  the  formation  of  the  isoquinoline  group  by  the  plant  is 
incomplete.  The  10-membered  ring  in  protopine  and  alkaloids  of  similar  struc¬ 
ture  readily  “constricts”  to  form  two  6-membered  rings.  This  reaction,  dis¬ 
covered  by  W.  H.  Perkin,  occurs  in  the  presence  of  POCb;  in  this  way  protopine 
is  converted  into  isoprotopine  chloride  (Formula  III,  above)  ( Perkin ,  J.  109,  815; 
115,  713).  The  condensation  occurs  even  more  readily  (by  evaporation  with 
hydrochloric  acid)  with  the  dihydro  derivatives  of  protopine  (see  the  section  on 
the  conversion  of  corycavine  to  dLcorydaline) . 

Cryptopine  has  a  structure  like  protopine,  except  that  the  methylenedioxy 
(dioxolo)  group  is  replaced  by  two  methoxy  groups.  Similarly  to  protopine,  it  is 
converted  by  POCl3  to  isocryptopine  chloride. 

For  the  synthesis  of  protopine  and  cryptopine,  see  Haworth,  Perkin,  J.  1926, 
1769. 

Corycavine  and  its  optically  active  form,  corycavamine ,  contain  a  methyl  group 
on  a  carbon  atom.  Corycavine  is  directly  related  to  corydaline  (p.  375),  being 
converted  into  its  ^-modification  by  “constriction  of  the  10-membered  ring” 
(Spcith,  Holler,  Ber.  60,  1891) .  This  important  transition  is  given  by  the  follow¬ 
ing  equations : 


Corycavine  =  Corycavamine 


H2  h2 


A  group  of  alkaloids  having  a  more  complicated  structure,  but  known  to  contain 
an  isoquinoline  ring,  are  isolated  from  ipecac  ( Psychotria  ipecacuanha ) .  Their 
complete  constitution  has  not  yet  been  determined. 

Emetine,  C29H40O4N2,  amorphous  powder,  m.p.  74°,  [a]Dabout  —30°  (aqueous 
alcohol);  cephaeline,  C28H3804N2,  m.p.  120-130°  (dried),  [a]D  —43.4°  (CHC13); 
psychotrine,  C28H3604N2*2  H20,  m.p.  138°  after  sintering  at  120°;  O-methyl- 
psychotrine  C29H3604N2,  amorphous,  [«]d  +43.9°  (alcohol);  emetamine, 
C29H3604N2,  m.p. 155-156°,  [«]d  4-9.9°  (CHCI3). 

These  alkaloids  are  closely  related  among  themselves,  as  their  molecular 
formulas  indicate.  Emetine  is  O-methylcephaeline  ( Karrer ,  Ber.  49,  2065). 
Catalytic  hydrogenation  converts  the  psychotrines  to  emetine  and  cephaeline 
( Pyman ,  J.  Ill,  419;  Karrer,  Ber.  49,  2057) .  Emetine  and  O-methylpsychotrine 
contain  four  methoxy  groups,  while  cephaeline  and  psychotrine,  the  correspond¬ 
ing  phenol-bases,  contain  three  methoxy  groups  and  one  OH -group.  One  of  the 
nitrogens  is  a  secondary  one,  and  the  other  is  tertiary.  The  presence  of  the  iso¬ 
quinoline  ring  was  determined  by  oxidation  with  KMn04  in  acetone,  which  pro¬ 
duced  m-hemipinic  acid  (I)  and  6 ,7 -dimethoxy isoquinoline -1  -carboxylic  acid  (II) 
(Pyman,  J.  Ill,  419;  Windaus,  Hermanns ,  Ber.  47,  1470) : 
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Under  somewhat  different  conditions  (KMn04  in  slightly  alkaline  solution), 
hemipinic  acid  and  corydaldine  (III)  are  obtained;  this  indicates  the  presence  of 
a  tetrahydroisoquinoline  ring  in  the  alkaloids  oxidized .  According  to  the  quanti¬ 
tative  analysis  of  the  oxidation  products  each  alkaloid  contains  two  isoquinoline 
rings  ( Spdth ,  Leithe,  Ber.  60,  692).  For  the  exhaustive  methylation  of  emetine, 
see  Karrer ,  Ber.  49,  2073;  for  the  Emde  decomposition,  see  Spdth,  Ber.  60,  702. 

For  a  proposed  formula  for  emetine,  see  Staub,  Helv.  10,  826. 


VII.  ALKALOIDS  OF  THE  INDOLE  GROUP 


The  alkaloids  of  the  indole  group  are  derivatives  of  norharman,  9- 
pyrid  [3,4 -b  ]indole : 


/\ 


V\N/V 

H 


N 


Derivatives  of  this  ring  system  have  been  found  in  Peganum  har- 
mala.  They  are : 

Harmaline,  Ci3H14ON2,  m.p.  250°  (dec.),  optically  inactive  ( Manske ,  Perkin, 
Robinson,  J.  1927,  1);  harmine,  Ci3Hi2ON2,  m.p.  264-265°  ( Lawson ,  Perkin, 
Robinson,  J.  125,  626) .  When  digested  with  hydrochloric  acid,  the  latter  yields 
harmalol,  Ci2Hj2ON2,  m.p.  212°  (dec.),  and  harmol,  m.p.  321°. 

Harmine  is  identical  with  banisterine  from  Banisteria  caapi  (Eiger,  Helv.  11, 
162;  Mayer,  Chem.Ztg.  1930,  Fortschrittsber.  p.  4). 

Harmaline  and  harmine  contain  a  secondary  and  a  tertiary  nitrogen  atom; 
the  oxygen  atom  is  present  in  a  methoxy  group,  from  which  the  methyl  group  can 
be  split  by  boiling  with  concentrated  hydrochloric  acid,  thereby  forming  the 
phenol -bases  harmalol  and  harmol.  H armaline  is  dihy dr oharmine;  both  bases  give 
the  same  tetrahydroharmine  when  further  reduced. 

The  clarification  of  the  basic  ring  structure  of  these  alkaloids  is  due  to  the  work 
of  O.  Fischer,  Perkin  and  Robinson.  A  great  advance  in  this  difficult  problem 
was  the  discovery  that  harman  (I) ,  the  base  obtained  from  harmine  by  elimination 
of  the  methoxy  group,  is  identical  with  a  compound  prepared  by  Hopkins  and 
Cole  by  the  oxidation  of  tryptophan  with  FeCl3  (see  pp.  67,  266) . 

This  information,  together  with  the  results  of  the  oxidative  decomposition — 
formation  of  m-nitroanisic  acid  and  isonicotinic  acid  (4-pyridinecarboxylic  acid) — 
led  to  the  accompanying  formulas  for  harmine  and  harmaline : 


378 


PLANT  ALKALOIDS 


N 


h»C0V\n/V 

H  CH3 

(II)  Harmine  =  banisterine 
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(III)  Harmaline 


{Lawson,  Perkin,  Robinson,  J .  125,626)  {Manske,  Perkin,  Robinson,  J.  1927,  1) 


The  synthesis  of  the  harman  structure  is  covered  in  an  earlier  section  (p.  266) 
Evodiamine  (IV),  C19H17ON3,  m.p.  278°,  [a] d  +352°,  and  rutaecarpine  (V), 
C18H13ON3,  isolated  from  Evodia  rutaecarpa,  have  the  following  constitution: 
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(IV)  Evodiamine  (V) 

For  their  synthesis,  see  Asahina,  Ohta,  Ber.  61,  319; 
son,  J.  1927,  1708. 


Rutaecarpine 
Asahina ,  Manske ,  Robin- 


VIII.  ALKALOIDS  OF  THE  IMIDAZOLE  GROUP 


A  group  of  alkaloids  which  are  derivatives  of  imidazole  are  found  in 
the  South  American  jaborandi  leaves  (isolation  from  the  leaves: 
Chemnitius ,  J.pr.  118,  20).  Among  these  are: 


Pilocarpine,  CnHi6N202,  m.p.  34°,  [o:]d  +101.6°,  b.p.  266°  (5  mm.)  ( Pinner , 
Schwarz ,  Ber.  35,  209);  hydrochloride,  m.p.  204°,  from  Pilocarpus  jaborandi. 
Isopilocarpine,  CnHi6N202,  b.p.  261°  (10  mm.),  [a] d  +42.8°;  hydrochloride,, 
m.p.  159°  (anhydrous),  together  with  pilocarpine  from  Pilocarpus  microphyllus 
or  from  pilocarpine  by  heating  alone  or  with  alcoholic  NaOH;  it  is  apparently 
stereoisomeric  with  pilocarpine.  Pilocarpidine,  CioHi4N202,  [«]d  +81.3°; 
nitrate,  m.p.  137°,  from  Pilocarpus  microphyllus.  Pilosine,  Ci6Hi803N2,  m.p. 
187°,  [«]D  +39.9°  ( Pyman ,  J,  101,  2260). 

Pilocarpine  contains  one  N -methyl  group,  which  is  lacking  in  pilocarpidine. 
When  isopilocarpine  is  oxidized  with  KMn04,  an  aliphatic  side  chain  is  split  off 
in  the  form  of  two  lactone-carboxylic  acids: 

Pilo pic  acid,  C7H10CX1,  m.p.  104°,  [«+  +36.1°. 

Homopilopic  acid,  CsHi204,  b.p.  235°  (20  mm.). 

The  structure  of  these  two  acids  (Formulas  I  and  II)  is  established  by  the 
formation  of  n-butyric  acid  from  pilopic  acid  and  2-ethyltricarballylic  acid  from 
homopilopic  acid  on  fusion  with  KOH.  Pilopic  acid  has  also  been  synthesized 
and  resolved  into  its  optical  antipodes  {Tschitschibabin,  Preobrashensky,  Ber.  63, 
460) : 


(I) 


c2h5-cii- 


-CH-COOH 


C2H5-CH- 


-chch2cooh 


CO  •  o  •  ch2 

Pilopic  acid 


CO  •  o  •  ch2 

Homopilopic  acid 


(II) 


Information  concerning  the  second  section  of  the  pilocarpine  alkaloids  is  ob¬ 
tained  from  the  distillation  with  soda  lime;  the  product  is  1,5 -dimethylimidazole 
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(Pyman,  J.  121,  2616).  This  establishes  the  position  if  the  link  is  between  the  two 
sections  of  the  molecule  (the  5-position  of  the  imidazole  ring).  These  experi¬ 
mental  results  are  expressed  in  the  following  formula  for  pilocarpine : 

COO-CH2  HC - N 

I  I  II  II 

C2H5  •  HC - HC  •  CH2  •  C  •  N (CHs)  •  CH 

Pilocarpine  (Isopilocarpine) 

Pilocarpine  contains  the  lactone  bridge  found  in  its  two  acid  decomposition 
products.  This  explains  the  ease  of  conversion  of  pilocarpine  with  alkalis  to 
pilocarpoic  acid,  which  is  richer  by  1  H20. 

Pilocarpidine  is  the  N  -methyl -free  secondary  base  corresponding  to  pilocarpine 
( Spath ,  Kunz,  Ber.  58,  513). 

The  alkaloids  of  the  jaborandi  leaves  are  sudorific  agents;  pilocarpine  is  there¬ 
fore  opposite  in  behavior  to  atropine  and  adrenaline. 

IX.  IMPORTANT  ALKALOIDS  OF 
UNKNOWN  STRUCTURE 


STRYCHNOS  BASES.  In  the  nux  vomica,  the  seeds  of  Strychnos  nux  vomica, 
and  in  the  St.  Ignatius’  bean  ( Strychnos  ignatii )  there  are  found  two  very  poison¬ 
ous  bases,  strychnine  and  brucine  (discovered  in  1818  and  1819  by  Pelletier  and 
Caventou) ,  together  with  a  subsidiary  alkaloid,  vomicine  (see  below).  In  spite 
of  numerous  investigations,  the  constitution  of  these  alkaloids  is  still  in  doubt. 

STRYCHNINE,  C21H22N202,  m.p.  268°,  b.p.  270°  (5  mm.),  [«]D  -132° 
(alcohol),  reacts  alkaline,  has  a  very  bitter  taste  and  causes  tetanus.  It  is 
colored  an  intense  blue-violet  by  a  solution  of  chromic  acid  in  sulfuric  acid. 
Strychnine  is  an  unsaturated,  monoacid,  tertiary  amine;  it  adds  alkyl  halides 
( Moufang ,  Taj el,  Ann.  304,  49) .  The  second  N-atom  is  held  in  a  lactam  bridge 
with  a  CO-group;  this  follows  from  the  conversion  of  strychnine  (I)  by  warming 
with  sodium  alcoholate  solution  to  strychnic  acid  (II),  C2iH24N203,  m.p.  215°, 
which  regenerates  strychnine  when  boiled  with  acids.  With  moist  silver  oxide 
the  methyl  iodide  addition  product  of  strychnine  (III)  yields  methylstrychnine  (IV) , 
which  is  the  methylbetaine  of  strychnic  acid,  since  it  is  also  formed  from  the  silver 
salt  of  the  methyl  iodide  addition  product  of  strychnic  acid.  In  this  reaction  the 
bond  of  the  carboxyl  group  shifts  from  one  nitrogen  atom  to  the  other,  from  a 
lactam  group  to  a  betaine  group : 

(I)  (II) 
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When  heated  with  water  at  160-180°,  strychnine  rearranges  to  an  isomeric 
base,  isostrychnine,  m.p.  224°,  which,  like  strychnine,  is  converted  by  warm 
sodium  alcoholate  solution  to  an  acid,  isostrychnic  acid,  m.p.  231°  ( Bacovescu , 
Pictet,  Ber.  38,  2787;  Leuchs,  Nitschke,  Ber.  55,  3171 ;  Oxford,  Perkin,  Robinson , 
J.  1927,  2389),  and  yields,  with  methylating  agents,  methylisostrychnine. 

The  first  product  of  the  reduction  of  strychnine  with  hydrogen  and  colloidal 
palladium  is  a  dihydrostrychnine,  C2iH24N202-2  H20,  m.p.  222°  (anhydrous) 
( Knorr ,  Hess,  Ber.  44,  2863;  Oxford,  Perkin,  Robinson,  J.  1927,  2389).  With 
hydriodic  acid  and  phosphorus,  desoxy strychnine  (V) ,  which  also  contains  a  lactam 
group,  is  formed.  Electrolytic  reduction  of  strychnine  gives  tetrahydrostrychnine 
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(VI),  m.p.  202°,  or  a  compound  containing  one  H20  less,  strychnidine  (VII),  m.p. 
246°,  in  which  the  lactam  group  is  reduced  ( Tafel ,  Naumann,  Ber.  34,  3291; 
Leuchs,  Ber.  47,  536;  Clemo,  Perkin ,  Robinson,  J.  1927,  1589;  oxidative  decom¬ 
position  of  strychnidine:  Leuchs,  Krohnke,  Ber.  63,  1045).  On  further  reduc¬ 
tion  the  second  oxygen  atom,  which  has  been  assigned  an  ether  function  ( Fawcett , 
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Perkin,  Robinson,  J.  1928,  3082),  is  also  eliminated,  and  dihydrostrychnoline, 
C2iH28N2,  and  strychnoline ,  C2iH26N2,  are  produced.  Reaction  products  of  strych¬ 
nine  which  no  longer  contain  a  lactam  ring  correspond  in  behavior  to  tetrahydro- 
quinolines  (p.  244).  The  action  of  nitric  acid  on  strychnine  yields  various  nitro 
derivatives  ( Leuchs ,  Krohnke,  Ber.  62,  2176)  and,  finally,  picric  acid,  3,5-dinitro- 
benzoic  acid,  m.p.  204°,  and  6,8 -dinitrodihydroxyquinolinecarboxylic  acid ,  m.p. 
295-300°  {Tafel,  Ann.  301,  2851;  Menon,  Perkin,  Robinson ,  J.  1930,  830). 
Oxidation  of  strychnine  with  permanganate  in  alkaline  solution  gives  N  -oxalyl- 
anthranilic  acid,  m.p.  203°  ( Spdth ,  Bretschneider,  Ber.  63,  2997);  similar  treat¬ 
ment  in  acetone  solution  produces  strychninonic  acid,  C2iH20O6N2,  a  dibasic  oxo- 
carboxylic  acid,  which  is  reduced  by  sodium  amalgam  to  the  corresponding 
hydroxy  carboxylic  acid,  strychninolic  acid,  C2iH220eN2.  The  latter  decomposes  in 
dilute  alkali  even  at  room  temperature  to  glycolic  acid  and  the  neutral  strych- 
ninolone,  CigHi803N2  {Leuchs,  Reich,  Ber.  43,  2417).  When  warmed  with 
hydrogen  peroxide,  strychnine  is  oxidized  to  strychnine  oxide,  C2iH22N203,  and 
strychnine  peroxide,  C2iH22N204,  which  regenerate  strychnine  with  loss  of  oxygen 
{Pictet,  Mattisson,  Ber.  38,  2782;  Mossier,  Mo.  31,  329).  With  Mn02  and  sul- 
furous  acid  strychnine  forms  three  isomeric  strychninemonosulfonic  acids,  C2jH2i- 
02N2(S03H),  which  can  be  separated  by  means  of  their  different  solubilities  in 
water  {Leuchs,  Schneider,  Ber.  42,  2681).  Chromic  acid  oxidation  converts 
strychnine  and  diaminostrychnine  to  two  oxo- dicarboxylic  acids:  CnH22N20« •  - 
5  H20  and  Ci6H2oN204,  which  are  also  obtained  from  brucine  (see  below). 

BRUCINE,  C2iH20(OCH3)2N2O2  +  4  H20,  m.p.  178°  (anhydrous),  [<*]d 
— 119  °,  has  an  effect  similar  to  strychnine,  but  feebler.  In  its  chemical  behavior, 
it  resembles  strychnine  closely.  It  contains  two  methoxy  groups,  and  has  been 
proved  to  be  dimethoxystrychnine,  the  two  methoxy  groups  being  ortho  to  one 
another  on  an  aromatic  ring  {Lions,  Perkin,  Robinson,  J.  127,  1158;  Spdth, 
Bretschneider ,  Ber.  63,  2997).  Like  strychnine,  it  is  converted  by  sodium  alco- 
holate  to  an  acid,  brucic  acid,  C20H21(OCH3)2N2O(COOH),  m.p.  245°,  which  re¬ 
generates  brucine  when  boiled  with  water.  The  action  of  methyl  iodide  on 
brucine  or  brucic  acid  is  completely  analogous  to  that  on  strychnine.  Hydrogen 
and  colloidal  palladium  reduce  brucine  to  dihydrobrucine,  C23H2804N2,  m.p. 
179-181°  (anhydrous),  while  electrolytic  reduction  yields  tetrahydrobrucine  (I), 
m.p.  177°,  and  brucidine  (II),  m.p.  203°  {Moufang,  Tafel,  Ann.  304, 24;  Gulland, 
Perkin,  Robinson,  J.  1927,  1627). 


(I)  [C2oH2o(OCH3)2ON] 


ch2oh 
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Compounds  (I)  and  (II)  can  be  reduced  catalytically  to  hexahydrobrucine, 
m.p.  131-133°,  or  to  dihydrobrucidine,  m.p.  172.5°  {Achmatowicz,  Fawcett, 
Perkin,  Robinson,  J.  1930,  1739). 

Fusion  of  dihydrobrucine  with  alcoholic  KOH  yields  dihydrobrucine  hydrate, 
C23H30O5N2,  m.p.  240°  (dec.),  [q;]d  —183.7°  {Wieland,  Gumlich,  Ann.  482,  50). 

Brucine  is  oxidized  by  permanganate  in  alkaline  solution  to  4,5-dimethoxy-N- 
oxalylanthranilic  acid,  m.p.  230-232°  {Spdth,  Bretschneider,  Ber.  63,  2997); 
in  acetone  solution  it  is  oxidized  to  brucinonic  acid,  C23H2408N2  {Leuchs,  Gladkorn, 
Ber.  56,  1780),  which,  analogously  to  strychninonic  acid  (see  above),  can  be 
converted  to  brucinolic  acid,  C23H2608N2  and  brucinoline,  C2iH2205N2  {Leuchs, 
Weber,  Ber.  42,  3703;  Leuchs,  Rauch,  Ber.  46,  3917;  Leuchs,  Gladkorn,  Hellriegel, 
Ber.  56,  2472) .  With  hydrogen  peroxide  brucine  gives  brucine  oxide,  CWH^NjsOs, 
and  brucine  peroxide,  C23H26N206.  With  MnQ2  and  sulfurous  acid  four  isomeric 
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brucinemonosulfonic  acids,  C23H25N204(S03H)  ( Leuchs ,  Geiger ,  Ber.  44,  3049; 
Leuchs,  Zander ,  Ber.  56,  502) .  Brucine  dissolves  in  concentrated  nitric  acid  with 
a  red  color,  which  turns  yellow  when  the  solution  is  warmed  and  violet  when  stan¬ 
nous  chloride  is  added.  These  color  changes  are  due  first  to  the  demethylation 
and  oxidation  of  brucine  to  a  red  quinone ,  C21H20O4N2,  m.p.  295°,  and  then  to 
conversion  of  the  latter  by  nitric  acid,  with  simultaneous  nitration,  to  the  yellow 
cacotheline,  C21H21N7O3.  Reduction  of  the  quinone  with  sulfurous  acid  produces 
the  demethylated  brucine,  C2iH2o(OH)2N202  ( Leuchs ,  Anderson,  Ber.  44,  2136; 
44,  3040).  Cacotheline  is  converted  by  bromine  water  to  an  oxo-dicarboxylic 
acid,  C19H22O6N2  ( Sucharda ,  Ber.  58,  1729),  which  can  be  further  oxidized  into 
the  same  C17  and  C16  acids  which  are  obtained  from  brucine  by  oxidation  with 
chromic  acid.  From  this  oxidation  of  brucine  two  oxo-carboxylic  acids,  C17H22- 
N2CV5H2O,  [<*]d  +49.2°  (water),  and  C16H20N2O4,  m.p.  312°,  [a]D  —116° 
(water),  have  been  isolated  ( Wieland ,  Munster,  Ann.  469,  216).  These  same 
acids  are  formed  in  the  oxidation  of  strychnine  ( Triebs ,  Ann.  476,  28)  and  mono- 
and  diaminostrychnine  ( Leuchs ,  Krohnke,  Ber.  62,  2176)  with  chromic  acid; 
this  is  a  proof  of  the  similarity  of  the  two  alkaloids.  In  both  acids  the  aromatic 
rings  of  the  alkaloids  are  disintegrated. 

The  most  important  decomposition  reactions  of  the  two  alkaloids  are  sum¬ 
marized  in  the  following  equations,  in  which  the  unaffected  portion,  C^HigON, 
of  the  molecule  is  designated  as  R : 
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Strychnidine  has  been  subjected  to  similar  decomposition  reactions  ( Leuchs , 
Krohnke,  Ber.  63,  1045). 

Proposed  structural  formulas  for  strychnine  and  brucine:  Fawcett,  Perkin, 
Robinson,  J.  1928,  3082;  Menon,  Perkin,  Robinson,  J.  1930,  830. 

Vomicine,  C22H24N2O4,  m.p.  182°  (dec.),  [a]n  +80.4°  (alcohol),  hydrochloride 
m.p.  245°  (dec.  and  discoloration)  (Wieland,  Oertel,  Ann.  469,  193),  is  found  in 
the  residual  liquor  from  the  other  two  strychnos  alkaloids,  to  which  it  is  very 
similar  in  chemical  behavior.  Like  these,  it  is  a  monoacid,  tertiary  base;  one  of 
the  four  oxygen  atoms  is  in  a  lactam  group  (proved  by  the  conversion  in  alkaline 
solution  to  vomicinic  acid,  sensitive  to  air),  another  is  in  a  tertiary  (?)  alcohol 
group,  and  a  third  is  an  ether  oxygen  atom.  The  fourth  is  connected  to  an  aro¬ 
matic  ring.  A  characteristic  property  of  vomicine  is  the  green  coloration  when 
it  is  boiled  with  KOH  in  methanol;  acidification  with  hydrochloric  acid  and 
addition  of  ferric  chloride  changes  the  color  to  red-violet.  For  the  reduction 
with  hydriodic  acid  and  the  oxidation  with  Cr03,  see  Wieland,  Oertel,  Ann.  469, 
197  199. 

YOHIMBEHE  ALKALOIDS.  The  group  of  yohimbehe  alkaloids  is  also  of 
unknown  constitution.  The  most  important  member,  yohimbine,  was  discovered 
in  1896  by  Spiegel  (Thoms,  Ber.  7,  279)  in  the  bark  of  Corynanthe  yohimbe 
Schumann.  Since  the  recognition  of  its  various  physiological  effects,  it  has  been 
used  in  pharmacological  practice  as  juvenine,  johimpava,  etc.  The  extensive 
use  of  the  drug,  as  well  as  the  bark  extracts  from  Pausinystalia  yohimbe  Pierre 
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and  Cortex  Quebracho  bianco ,  has  led  to  the  discovery  of  numerous  isomers  and 
related  compounds,  which  are  given  in  the  accompanying  table. 


Alkaloid,  C21H26N2O3 

M.p.  (dec.),  °C. 

[“Id 

Hydrochloride, 
m.p.  (dec.),  °C. 

Yohimbine 

278 

43.7° 

234 

Alloyohimbine 

135-140 

-72.7 

279 

Isoyohimbine 

239-240 

99 

298 

a-Yohimbine 

235 

-9.3 

286 

iS-Yohimbine 

216 

94.8 

295 

7-Y  ohimbine  • 

240 

-28.3 

312 

Quebrachine 

234-235 

107.9 

282 

Corynanthine 

242 

-125 

285-290 

Alkaloid,  C20H24N2O3 

M.p.  (dec.),  °C. 

[“Id 

Yohimbenic  acid 

230 

-17.1° 

Alloyohimbic  acid 

248-250 

-79.5 

Isoyohimbic  acid 

269-270 

147 

a-Yohimbic  acid 

287 

49.6 

/3-Yohimbic  acid 

256 

125.6 

/ 

7-Yohimbic  acid 

252 

89.5 

Quebrachoic  acid 

269 

138.8 

Corynanthic  acid 

256 

-58 

Eight  isomeric  yohimbines  are  known;  when  saponified  with  alcoholic  KOH, 
they  yield  eight  isomeric  carboxylic  acids,  C20H24N2O3,  of  which  several  occur 
naturally  beside  the  alkaloids.  Besides  the  two  oxygen  atoms  in  the  carboxyl 
group,  the  yohimbines  contain  a  hydroxyl  oxygen  atom.  The  close  relationship 
of  these  alkaloids  is  shown  by  the  decarboxylation  of  the  acids  from  them  to  the 
same  yohimbol,  C19H24N2O,  m.p.  306°  (dec.),  [cx]d  —100,  except  for  alloyohim- 
bic,  a-yohimbic  and  corynanthic  acid  (alloyohimbic  acid  gives  the  yohimbol,  m.p. 
230°,  [a] d  +144.6°).  All  the  isomers  are  converted  by  dehydrogenation  with 
selenium  to  the  same  optically  inactive  base  (C18H12N2)20  (?),  m.p.  211°  (dec.) 
{Hahn,  Schuch,  Ber.  63,  1638). 

From  a  comparison  of  the  differences  in  acidity  and  in  pharmocological  proper¬ 
ties,  the  carboxyl  groups  of  yohimbenic,  isoyohimbic  and  yohimbic  acids  are 
probably  in  the  2-,  3-,  and  4-positions  of  a  pyridine  ring  {Hahn,  Brandenburg , 
Ber.  59,  2192) .  The  assignment  of  the  2-position  to  the  carboxyl  group  of  yohim¬ 
benic  acid  is  supported  by  the  easy  conversion  of  the  methylbetaine  of  this  acid 
to  the  methyl  ester  {Hahn,  Stenner,  Ber.  61,  278) . 

Treatment  of  yohimbine  with  concentrated  H2SO4  converts  it  to  the  unsatu¬ 
rated  apoyohimbine,  C21H24O2N2,  m.p.  252°,  which  yields  desoxy yohimbine, 
C21H26O2N2,  m.p.  203°,  on  catalytic  hydrogenation  {Barger,  Field,  J.  123,  1038). 

The  two  N  atoms  in  yohimbine  are  tertiary.  While  one  is  able  to  add  methyl 
iodide,  and  is  open  to  exhaustive  methylation,  the  other,  when  acetylated,  shows 
the  Tiffeneau  decomposition  reaction,  which  is  typical  of  tertiary  benzylamines 
{Tiffeneau,  Fiihrer,  Bull.  [4]  15,  162;  Tiffeneau,  Bull.  [4]  17,  67).  This  re¬ 
action  was  most  closely  investigated  for  isoyohimbine:  by  treatment  with 
acetic  anhydride  the  unsaturated  diacetyl  derivative,  C2iH24N203(C0CH3)2,  m.p. 
185°,  [«]d  —20.8°,  is  formed;  on  catalytic  hydrogenation  with  Pd  and  H2  this 
adds  hydrogen  to  give  the  corresponding  dihydro  derivative,  m.p.  177°.  Allo- 
yohimbine  yields  only  one  monoacetyl  compound,  m.p.  176°  (dec.).  The  alka¬ 
loids  can  be  regenerated  from  the  acetyl  compounds  by  saponification  and 
methylation  {Hahn,  Schuch,  Ber.  62,  2953). 

Of  the  basic  ring  structure  of  the  yohimbine  alkaloids,  only  fragments  can  be 
recognized.  The  oxidation  with  KMn04  gives  N -oxalylanthranilic  acid,  m.p. 
202-203°  (dimethyl  ester,  m.p.  152°)  {Spdth,  Bretschneider,  Ber.  63,  2997), 
and  hydroxycarbanil,  m.p.  137°  {Warnat,  Ber.  59,  2388).  Among  the  products 
of  pyrolysis  which  have  been  isolated  are  the  base,  C13H12N2,  m.p.  230-232° 
(picrate,  m.p.  258-260°),  an  indole  homologue,  m.p.  55°  (picrate,  m.p.  157°), 
and  the  picrate  of  a  base,  C9H7N,  m.p.  216-218°  {Stedman,  Ber.  60,  1009;  Warnat, 
Ber.  60,  1119;  Winterstein,  Walter,  Helv.  10,  577). 


VERATRUM  ALKALOIDS.  ERGOT  ALKALOIDS 


383 


HELLEBORE  (VERATRUM)  ALKALOIDS  occur  together  with  veratric  acid 
(3,4-dimethoxybenzoic  acid)  in  the  white  hellebore,  Veratrum  album,  and  in  the 
cevadilla,  V.  sabadilla.  Veratrine  or  cevadine,  C32H49NO9,  m.p.  202°,  [«]d 
+  12.5°  (alcohol),  crystallizes  from  alcohol  with  two  molecules  of  alcohol  of  crys¬ 
tallization;  it  dissolves  in  concentrated  sulfuric  acid  with  a  yellow  color  which 
gradually  becomes  blue-red.  It  is  split  by  alcoholic  KOH  into  cevine,  C27H43- 
NOs-3V2  HqO,  m.p.  195-200°,  and  tiglic  acid,  C&H802  (Vol.  I,  p.  346)  ( Freund , 
Schwarz,  Ber.  32,  800;  Macbeth,  Robinson,  J.  121,  1571).  On  distillation  with 
soda  lime,  Z-coniiiie  is  obtained  ( Macbeth ,  Robinson,  J.  121,  1571).  Cevadine 
contains  a  free  hydroxyl  group,  C27H4iN0g(0H)(0-C0C4H7),  while  cevine  has 
two  hydroxyl  groups,  C27H4iN06(0H)2;  the  nitrogen  atom  is  apparently  joined 
with  three  other  atoms  ( Freund ,  Ber.  37,  1946).  For  suggestions  concerning  its 
constitution,  see  Macbeth,  Robinson,  J.  121,  1571. 

A  series  of  subsidiary  alkaloids  have  also  been  isolated :  veratridine,  cevadilline, 
and  sabadine.  Their  homogeneity  is  not  definitely  established  (Hess,  Mohr,  Ber. 
52,  1984). 

ACONITUM  ALKALOIDS.  From  the  poisonous  roots  of  numerous  Japanese 
varieties  of  Aconitum,  Majima  has  isolated  several  alkaloids.  Almost  all  of  these 
contain  one  molecule  of  acetic  acid  and  one  molecule  of  an  aromatic  acid  in  the 
form  of  esters;  partial  saponification  with  15%  H2S04  removes  the  acetic  acid, 
while  the  aromatic  acid  is  eliminated  under  more  energetic  treatment  (in  a 
pressure  tube  or  with  alcoholic  KOH) .  The  resulting  alkamines  can  be  obtained 
in  a  crystalline  condition  onty  in  the  form  of  their  acetyl  derivatives.  A  summary 
of  the  physical  data  of  the  alkaloids  of  this  group  isolated  up  to  the  present  time 
and  the  products  of  their  hydrolysis  is  given  in  the  following  references :  Majima, 
Morio,  Ber.  57,  1473;  Ann.  476,  203. 

The  thermal  decomposition  of  the  alkaloids  yields  new  basic  substances. 
Aconitine,  C37H47NO11,  m.p.  202-203°,  loses  one  molecule  of  acetic  acid  and  forms 
pyraconitine ,  C32H43NO9,  m.p.  271-272°;  hypaconitine,  C33H45NO10,  m.p.  198.5°, 
gives  the  analogous  pyrohypaconitine,  C3iH4iN08,  m.p.  119-120°. 

The  oxidation  of  aconitine,  C34H47NO11,  and  of  mesaconitine,  C33H45NO11,  m.p. 
208-209  °,  with  permanganate  leads  to  the  same  decomposition  product,  oxonitine, 
C32H43NO12,  m.p.  282°,  [«]d  —41°  ( Spath ,  Galinovsky,  Ber.  63,  2994). 

ERGOT  ALKALOIDS.  From  ergot,  which  is  used  medicinally  to  contract 
blood  vessels,  the  following  alkaloids  have  been  isolated;  their  molecular  formula 
is  not  known  with  certainty  in  every  case  [Tanret,  Bull.  [4]  31,  444;  Forst, 
Arch. exptl. Path. Pharm.  114  (1926),  125;  Smith,  Timmis,  J.  1930,  1390]. 

Ergotoxine,  C35H4106N5,  m.p.  190-200°. 

Ergotinine,  C35H39O5N6,  m.p.  239°. 

Ergotamine,  C33H35O5N5,  m.p.  213-214°. 

Ergotaminine,  C33H35O5N5,  m.p.  252°. 
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by  Ludwig  Anschutz 

Note  on  method  of  writing  formulas  and  quoting  literature.  Greater 
clarity  is  obtained  by  writing  the  formulas  of  free  radicals  with  straight 
lines  for  the  free  valences  instead  of  a  series  of  points,  or  broken  lines. 
In  order  to  save  space,  only  the  senior  author  of  a  piece  of  research  is 
given  in  a  reference.  This  also  makes  it  easier  to  find  later  contri¬ 
butions  from  the  same  school. 


GENERAL  PART 

Literature:  J.  Schmidlin,  “Das  Triphenylmethyl,”  Vol.  VI  of  “Chemie  in 
Einzeldarstellungen,”  Enke,  Stuttgart,  1914. 

R.  Pummerer ,  “Organische  Chemie,”  Vol.  Ill  of  the  “Naturwissenschaftlichen” 
series  of  “Wissenschaftliche  Forschungsberichte,”  section  on  radicals  (pp.  11-34), 
Steinkopff,  Dresden  and  Leipzig,  1923. 

P.  Walden,  “Chemie  der  freien  Radikale,”  Hirzel,  Leipzig,  1924;  “Aus  der 
Lebensgeschichte  einiger  organischer  Radikale, ”  Z.angew.Chem.  39,  601  (1926). 

F.  Henrich,  “Neuere  Untersuchungen  liber  organische  Radikale  aus  den  Jahren 
1922  bis  1928,”  Z.angew.Chem.  41,  1214,  1239  (1928). 

K.  Ziegler,  “Probleme  und  Ergebnisse  der  neueren  Erforschung  der  freien 
Radikale,”  Z.angew.Chem.  43,  915  (1930). 

W.  Hiickel,  “Theoretische  Grundlagen  der  organischen  Chemie,”  section  on 
free  radicals,  2nd  ed.,  Vol.  I,  pp.  111-133,  Akadem.  Verlagsgesellschaft,  Leipzig, 
1934;  “A  General  Discussion  on  Free  Radicals,”  Trans. Faraday  Soc.  30,  3-248 
(1934). 

F.  0.  Rice  and  K.  K.  Rice,  “The  Aliphatic  Free  Radicals,”  Oxford  Univ.  Press, 
1935  (204  pp.). 


Introduction.  H.  Wieland  (Ber.  48,  1098)  defined  radicals  as 
“free  unsaturated  complexes  of  an  atomic  character  and  of  abnormal 
valencies. ”  Normal  ions  were  excluded  by  Wieland  by  the  addi¬ 
tion  of  the  words  “that  radicals,  like  atoms,  have  no  electric  charge.” 
P.  Walden  (Chem.  der  fr.  Rad.,  p.  43)  extended  Wieland’ s  definition  to 
cover  a  series  of  electrically  charged  groups  of  atoms.  W.  Hiickel  in 
his  “Theoretische  Grundlagen,”  2nd  ed.,  Vol.  I,  p.  Ill,  gives  the  fol¬ 
lowing  conception  of  a  free  radical :  “In  the  free  radicals,  the  valency 
of  an  element  is  one  lower  than  corresponds  to  its  position  in  the 
periodic  table.”  According  to  this  idea,  not  only  neutral  compounds 
but  also  ions — both  anions  and  cations — are  included  as  free  radi¬ 
cals,  provided  they  contain  an  element  with  a  valency  lower  by  one 
unit  than  the  ordinary.”  W.  Schlenk  (Inst.int.Chim.Solvay  Conseil 
Chim.  4,  503)  pointed  out  that  the  univalent  free  radicals  can  be 
recognized  by  their  odd  number  of  valency  electrons.  They  can  be 
defined  on  the  basis  of  the  quantum  theory  as  compounds,  of  which 
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the  electron  system  has  an  unsaturated  spin  moment  (see  R.  Mecke, 
Trans.  Faraday  Soc.  30,  200).  Organic  radicals  are  all  radicals  con¬ 
taining  carbon.  Those  radicals  containing  trivalent  carbon  are  of 
special  importance  in  organic  chemistry. 

Important  historical  data.  In  1787,  Lavoisier  introduced  the 
term  “radical,”  the  meaning  of  which  has  undergone  many  changes 
since  that  time.  The  concept  of  radicals  served  as  the  starting 
point  for  the  development  of  a  theoretical  system  (old  and  new 
radical  theory).  The  most  important  experimental  confirmation  of 
this  idea  came  from  the  preparation  of  cyanogen  by  Gay-Lussac 
(1815),  the  work  on  the  radical  of  benzoic  acid  by  Liebig  and 
Wohler  (1832),  the  preparation  of  cacodyl  by  Bunsen  (1841),  and 
the  work  of  Kolbe  and  Frankland  on  the  preparation  of  hydrocarbons 
with  an  assumed  radical  nature  (1849  and  1850).  In  1900  the  first 
compound  which  was  actually  a  free  radical  was  prepared  by  Gom- 
berg,  who  obtained  triphenylmethyl,  the  first  radical  containing  tri¬ 
valent  carbon,  by  the  action  of  zinc  on  a  benzene  solution  of  tri¬ 
phenylmethyl  chloride.  He  showed,  however,  that  the  new  com¬ 
pound  was  not  pure,  but  existed  in  equilibrium  with  hexaphenyl- 
ethane.  The  work  on  this  particularly  difficult  problem  was  chiefly 
carried  out  by  J.  Schmidlin  (1908),  H.  Wieland  (1909),  W.  Schlenk 
(1910),  and  J.  Piccard  (1911).  Schmidlin  showed  that  triphenyl¬ 
methyl  existed  in  a  colored  (monomeric)  and  a  colorless  (dimeric) 
form.  Wieland  demonstrated  the  dissociation  of  hexaphenylethane 
by  molecular  weight  determinations  in  molten  naphthalene.  Schlenk 
replaced  the  phenyl  groups  of  triphenylmethyl  one-by-one  with  bi- 
phenylyl  radicals,  and  finally  obtained  tribiphenylylmethyl,  which  is 
monomolecular  in  solution.  He  thus  obtained  the  first  pure  free 
radical  in  the  form  of  green  crystals.  Piccard  made  the  interesting 
observation  that  the  color  of  solutions  of  triphenylmethyl  deepened 
on  dilution,  in  contradiction  to  Beer’s  law.  This  was  due  to  increas¬ 
ing  dissociation  of  the  hexaphenylethane.  W.  Schlenk  and  his  school 
(1911-1913),  recognized  a  new  class  of  free  radicals  with  trivalent  car¬ 
bon  in  the  metallic  ketyls,  which  had  first  been  obtained  by  E. 
Beckmann  and  T.  Paul  in  1891.  In  more  recent  times  F.  Paneth  has 
developed  a  method  for  the  detection  of  the  exceedingly  short-lived 
radicals,  methyl  and  ethyl  (1929,  1931).  H.  Wieland  obtained  the 
first  organic  radical  with  di-  or  tetra-valent  nitrogen  (1911,  1914). 
E.  Weitz  discovered  the  “aminium”  salts,  with  a  positively  charged 
radical-ion,  which,  according  to  its  formula,  contains  tetravalent 
nitrogen  (1926).  The  discovery  of  compounds  with  univalent  oxygen 
is  chiefly  due  to  R.  Pummerer  and  S.  Goldschmidt  (1913, 1922).  Many 
other  elements  in  organic  compounds  are  now  known  with  valencies 
one  less  than  the  usual. 

Theoretical  treatment  of  formation  of  radicals.  The  theoretical 
conclusion  to  which  the  discovery  of  free  radicals  has  led  is  “the 
clear  recognition  of  the  divisibility  of  valency”  ( W .  Schlenk,  Ber. 
55,  2285).  The  inequality  of  different  links  follows.  In  this  way, 
Thiele  (Ann.  319,  134),  and  later  Werner  (Ber.  39,  1282),  explained 
the  existence  of  the  free  triarylmethyls  on  the  particularly  great 
valency  demands  of  the  three  aryl  groups.  Later,  however,  it  be- 
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came  clear  that  this  conception  did  not  lead  to  a  useful  theory  of  gen¬ 
eral  application  (for  the  complete  overthrow  of  these  ideas,  see  C.  K. 
Ingold,  Proc. Leeds  Phil.Lit.Soc.  1,  421).  K.  Ziegler  and  his  co-work¬ 
ers  have  made  extensive  studies  on  the  question  of  what  factors  favor 
the  decomposition  of  the  substituted  ethanes  into  radicals  (Ann.  479, 
111,  and  earlier  papers).  It  has  been  shown  that  the  introduction 
of  unsaturated  substituents  (which,  according  to  the  Thiele-W erner 
theorjq  make  particularly  great  valency  demands)  makes  a  substi¬ 
tuted  ethane  dissociate  six  times  more  readily  than  a  saturated  sub¬ 
stituent  (Ann.  434,  34).  Other  considerations  are  also  important, 
e.g.,  the  space  occupied  (Ann.  473,  194),  and  the  electrochemical 
character  (Ann.  479,  111)  of  the  substituents.  The  examination  of 
this  latter  question  for  the  hydrazyls  of  the  type  Ar2N  •  N  (Ac)  •  is  due 
to  Goldschmidt  (Ann.  473,  137).  The  effect  of  ring  strain  on  the  for¬ 
mation  of  radicals  has  been  investigated  experimentally  by  Wittig  and 
his  co-workers  (Ann.  505,  17,  and  earlier  papers).  A  satisfactory 
general  explanation  of  radical  formation  is  still,  however,  lacking,  in 
spite  of  the  many  experimental  investigations  that  have  been  made. 
Instead,  the  difficulty  of  fitting  into  one  system  the  ever-growing  body 
of  facts  has  increased.  Wieland  and  his  co-workers  (Ann.  381,  217, 
and  earlier  papers),  for  example,  reach  the  surprising  conclusion  that 
the  effect  of  substituents  on  the  tendency  to  dissociation  of  the  hexa- 
arylethanes  cannot  be  applied  to  that  of  the  tetraarylhydrazines. 
Schlenk  and  Mark  (Ber.  55,  2285)  have  found  that  pentaphenylethyl 
is  a  substance  with  an  unusually  small  tendency  towards  association, 
in  contradiction  with  the  Thiele-W  erner  principle.  These  examples 
could  easily  be  increased  (c/.  Goldschmidt,  Ber.  55,  633;  Ann.  437, 
208).  It  is  therefore  understandable  that  in  more  recent  times  vari¬ 
ous  authors  have  applied  exact  physicochemical  methods  in  order  to 
obtain  a  deeper  insight  into  the  question  of  radicals  and  their  forma¬ 
tion  (see  Ziegler,  Z.angew.Chem.  43,  915). 

The  physicochemical  work  on  the  problems  of  the  chemistry  of 
radicals  starts  with  molecular  weight  determinations  by  the  osmotic 
methods  by  Gomherg  (Ber.  34,  2731)  and  carried  on  by  Schlenk  (Ann. 
372,  5).  By  this  means  the  important  result  was  obtained  that  tri- 
biphenylylmethyl  is  completely  monomolecular  in  solution,  proving 
the  existence  of  trivalent  carbon.  The  later  extensive  determinations 
of  molecular  weights  by  Gomberg  and  his  co-workers  using  numerous 
triarylmethyls  were  used  by  Walden  (Chem.der  fr.Rad.,  p.  286)  to  cal¬ 
culate  the  dissociation  constants  of  the  dissolved  hydrocarbons  (see 
Schonberg,  Ber.  66,  1938).  In  sufficiently  dilute  solution  the  Ostwald 
dilution  law  (originally  worked  out  for  weak  electrolytes)  applies. 
The  dissociation  constant,  k,  can  be  calculated  from  the  degree  of  dis¬ 
sociation,  a,  and  the  dilution,  v,  according  to  the  following  equation: 

(1  -  a)v 

Temperature  and  the  nature  of  the  solvent  used  also  influence  the 
degree  of  dissociation  (see  Huckel,  Grundlagen,  Vol.  I,  p.  129). 
Goldschmidt  and  his  co-workers  have  investigated  cases  of  dissocia¬ 
tion  into  radicals,  which  involve  the  formation  of  compounds  with  di- 
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valent  nitrogen  (Ann.  473,  137,  and  earlier  papers),  and  monovalent 
oxygen  (Ann.  445,  123,  and  earlier  papers).  The  dissociation  con¬ 
stants  of  these  compounds  in  numerous  solvents  were  determined  by 
titration  of  the  dissociated  portion  (Ann.  437,  200;  438,  208;  473, 
141 ;  for  further  details,  see  diarylaeylhydrazyls  and  phenanthroxyls) . 
The  heat  of  dissociation  can  be  obtained  from  the  variation  of  the 
dissociation  constant  with  temperature  (Ann.  473,  143).  Other 
methods  of  obtaining  the  dissociation  constant  use  the  determination 
of  the  intensity  of  color  of  the  solution  of  *the  radical  at  increasing 
dilution  (determination  of  the  molecular  extinction  coefficient)  ( Gold¬ 
schmidt,  Ann.  473,  144).  In  this  way  the  equilibrium  constant  and 
(from  its  variation  with  temperature)  the  heat  of  dissociation  of  hexa- 
phenylethane  have  been  determined  ( Ziegler ,  Ann.  473,  163;  see 
Schonberg,  Ber.  66,  1938).  They  obey  the  Arrhenius  equation: 


—  D  =  R 


T,T2 
T2  -  T  i 


A2 

Ki 


where  K\  and  K 2  are  the  equilibrium  constants  at  the  absolute  tem¬ 
peratures  T i  and  T2.  Since  this  equation  is  deduced  for  the  gaseous 
state,  and  the  determinations  are  made  in  solution,  it  is  necessary  to 
find  out  what  effect  the  solvent  has  on  the  results.  In  contradiction 
to  Goldschmidt  (Ann.  473, 147),  Ziegler  (Ann.  473, 180)  found  that  the 
heat  of  dissociation,  at  least  of  hexaphenyle thane,  is  constant,  inde¬ 
pendent  of  the  solvent.  Of  greater  interest  than  the  determinations 
of  heat  of  dissociation  are  the  determinations  of  the  velocity  of  spon¬ 
taneous  decomposition  of  the  substituted  ethanes  at  various  tempera¬ 
tures  that  have  been  carried  out  by  various  workers  in  more  recent 
times  ( Conant ,  Am.  51, 1925;  Branch ,  Am.  52,  255;  Ziegler,  Ann.  479, 
277 ;  504,  131).  From  the  variation  with  temperature  of  the  decom¬ 
position  constant  it  is  possible  (with  the  aid  of  the  Arrhenius  equa¬ 
tion)  to  obtain  the  heat  of  activation  of  the  compound.  In  this 
way,  an  exact  determination  of  the  amount  of  energy  that  has  to  be 
imparted  to  a  substance  R — R  in  order  to  break  it  down,  may  be 
made,  and  hence  the  strength  of  the  bond  linking  the  two  radicals  to¬ 
gether  in  the  dimer  is  obtained.  A  comparison  of  the  heat  of  dis¬ 
sociation  and  the  heat  of  activation  for  one  particular  compound  is  of 
considerable  theoretical  interest,  as  Ziegler  (Ann.  504, 147)  has  shown 
on  the  basis  of  extensive  series  of  experiments  with  hexaphenylethane. 
In  the  case  of  hexaphenylethane,  if  it  were  shown  that  the  heat  of  dis¬ 
sociation  were  equal  to  the  heat  of  activation,  this  would  mean  that 
triphenylmethyl  was  the  first  radical-like  fission  product  of  the  dimer. 
On  the  other  hand,  if  the  heat  of  dissociation  is  less  than  the  heat  of 
activation,  as  Ziegler  found,  it  must  be  concluded  that  triphenyl¬ 
methyl  is  a  more  stable  product  than  the  initially  formed  radical, 
whatever  that  may  be.  This  stabilization  could  be  effected  intra- 
molecularly  by  distortion  of  valency  bonds,  or  extramolecularly 
through  the  solvent.  In  connection  with  these  results  it  is  interesting 
to  take  into  account  some  of  the  more  recent  work,  in  which  it  has 
been  shown  that  in  liquid  ammonia  solutions  of  phenols  and  aromatic 
acids,  active  radicals  (excited  molecules  in  the  sense  of  modern  phys- 
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ics)  exist,  which  differ  from  the  earlier  known  radicals  containing 
monovalent  oxygen,  obtained  by  dehydrogenation  of  phenols,  in  their 
enhanced  reactivity  ( Goldschmidt ,  Ber.  64, 1744;  see  also  Ziegler,  Ann. 

504,  162). 

Finally,  the  very  interesting  observation  that  the  solid,  colorless 
forms  of  the  hexa-substituted  ethanes  are  dissociated  by  the  applica¬ 
tion  of  very  high  pressure  must  be  mentioned.  This  means  that  two 
single  radical  molecules  occupy  a  smaller  volume  than  one  molecule 
of  the  dimer  ( Lowenbein ,  Ber.  60,  1855;  see  also  Ziegler,  Ann.  473, 
194).  For  “valency  tautomerism,”  where  the  radicals  are  in  equi¬ 
librium  with  normal  isomers  with  the  correct  valencies,  or  with  iso¬ 
meric  radicals,  see  Pummerer,  Ber.  52,  1410;  Wieland,  Ber.  53,  1318; 
Schonberg,  Ber.  64,  2323;  Clar,  Ber.  66,  202  (see,  however,  Conrad- 
Billroth,  Ber.  66,  639);  Wittig,  Ann.  483,  144;  Ziegler,  Ann.  504,  189. 
For  “polycentricity”  as  the  origin  of  the  lack  of  tendency  of  associa¬ 
tion  of  the  valency  tautomeric  free  radicals,  see  Lowenbein,  Ann.  487, 
97.  For  stereochemistry  of  asymmetric  free  triarylmethyls  (•CAr'- 
Ar"Ar'")  see  Gomberg,  Ber.  37,  2036;  Schmidlin,  Ber.  45,  3183; 
Karagunis,  N.  21,607;  Wallis,  Am.  53,  812;  55,3838;  56,491.  For 
“ultradissociation”  (which  has  not  yet  been  strictly  proved),  of  the 
free  triarylmethyls  and  other  open  questions  connected  with  the  chem¬ 
istry  of  free  radicals  (especially  discussing  numerous  cases  where  the 
experimentally  determined  molecular  weight  of  an  organic  compound 
was  too  low),  see  Walden,  Chem.der  fr.Rad.,  pp.  299  ff.  For  potential 
determinations  with  the  triarylmethyls,  see  Conant,  Am.  47,  1959; 
55,  3752.  For  electron  affinity  of  free  radicals,  see  Bent,  Am.  54, 
3250.  For  HiickeVs  application  of  quantum  theory  to  free  radicals, 
see  Z.Physik,  83,  632;  Ann.  504,  149;  Pauling ,  J.Chem.Phys.  1,  362. 

Investigation  of  the  behavior  of  radicals.  For  the  behavior  of 
carbonium  salts,  see  Hantzsch,  Ber.  54,  2573-2633.  The  compari¬ 
son  of  the  absorption  spectra  of  triphenylmethyl  as  a  cation,  as  an 
anion,  and  as  a  free  radical,  is  specially  dealt  with.  For  conducto¬ 
metric  experiments  (usually  with  dissolved  triarylmethyl  halides), 
see  Walden,  Ber.  35,  2018;  Z.physikal.Chem.  43,  385;  Gomberg,  Am. 
45,  190,  and  earlier  papers;  Hofmann,  Ber.  43,  186;  Schlenk,  Ann. 
372,11;  Ber.  47,  1678;  49,606;  50,278;  Hantzsch,  Ber.  43,336;  54, 
2601;  Straus,  J.pr.  103,  1-68;  etc.  For  valency  considerations  and 
stability  of  organic  radicals,  see  Auwers,  Ber.  57,  1051;  Braun,  Ber. 
63,  2407,  and  earlier  papers;  McKenzie,  J.Soc.Chem.Ind. London  50, 
926;  Meerwein,  Ann.  419, 121;  Skraup,  Ber.  55, 1073,  etc.  For  meth¬ 
ods  of  determining  the  relative  electronegative  character  of  organic 
radicals,  see  Kharasch,  Am.  54,  674;  Migita,  Bull. Chem.Soc. Japan 
8,  27.  The  behavior  of  radicals  of  high  affinity  content  and  nega¬ 
tive  character  is  discussed  by  Urbain,  J.chim.phys.  29,  325;  the  dis¬ 
tribution  of  electronic  linkages  by  Craig,  Am.  53,  4367,  and  Starr,  Am. 
54,  3971;  and  electron  affinity  of  radicals  by  Zaki,  J.  1932,  1184. 

Occurrence  of  free  radicals  in  chemical  reactions.  Walden, 
Chem.der  fr.Rad.,  p.  278;  Huckel,  Grundlagen,  Vol.  I,  p.  110; 
Wieland,  Ann.  513,  93,  and  earlier  papers;  Hein,  Z.  Elektrochem. 
28,  469;  Goldschmidt,  Ber.  55,  3216;  Haber-,  Ber.  64,  2844;  Schlenk, 
Inst.int.Chim.  Solvay,  Conseil  Chim.  4,  503;  Burawoy,  Z.physikal. 
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Chem.  A164,  1;  Rice,  Am.  55,  3035;  Gilman,  Am.  55,  2893;  Ziegler , 
Ann.  504,  162;  Wittig,  Ann.  513,  26;  etc. 

Technique.  The  fact  that  free  radicals  are  usually  very  readily 
attacked  by  oxygen  or  moisture  requires  that  they  should  be  investi¬ 
gated  in  an  atmosphere  of  a  dry  indifferent  gas,  or  in  a  vacuum. 
This  is  particularly  true  of  the  compounds  of  trivalent  carbon,  and 
the  method  of  dealing  with  them  will  be  described  in  some  detail. 

Detection  of  free  radicals:  I.  Physical  methods. — (a)  Osmotic 
methods  of  determining  molecular  weights  (lowering  of  freezing 
point  and  elevation  of  boiling  point) ;  (6)  colorimetric  methods  (in¬ 
accuracy  of  Beer's  law);  (c)  spectroscopic  methods;  free  radicals  in 
solution  usually  give  characteristic  absorption  bands,  and  in  the 
gaseous  state  band  spectra  with  a  characteristic  fine  structure.  Their 
existence  at  high  temperatures  can  be  detected  by  their  emission  spec¬ 
tra.  The  mass  spectrograph  can  also  be  used  (see  Mecke,  Trans. 
Faraday  Soc.  30,  200) ;  (d)  electrolysis  (particularly  valuable  for  the 
cathodic  separation  of  ammonium  radicals);  ( e )  detection  of  para¬ 
magnetism  as  the  consequence  of  unpaired  electrons;  Lewis,  Proc. 
Nat. Acad. Sci.  11,  456;  see  also  Carnbi,  Gazz.  63,  579;  Katz ,  Z.Physik 
87,  238;  Galavics,  Helv.physica  Acta  6,  555;  Sugden,  Trans. Faraday 
Soc.  30,  18;  Kuhn,  Ber.  67,  362;  Muller,  Ann.  517,  134. 

II.  Chemical  methods. — Their  tendency  to  disproportionation  is 
characteristic  of  radicals  containing  hydrogen  {Wi eland’s  rule,  Ann. 
401,  234).  The  powers  of  addition,  particularly  of  other  radicals,  are 
also  important.  Other  reactions  indicate  even  more  clearly  the  tend¬ 
ency  to  become  saturated  on  the  part  of  a*  radical.  The  compounds 
thus  formed  often  give  some  proof  of  the  existence  of  very  short-lived 
radicals  {e.g.,  methyl,  see  Paneth,  Ber.  62,  1335). 

Limitation  of  subject.  There  are  a  considerable  number  of  sub¬ 
stances  the  radical  nature  of  which  is  disputed.  To  this  class  belong 
particularly  those  radicals  with  a  semiquinoid  constitution  which 
have  been  regarded  as  such  by  Michaelis  on  the  basis  of  potentio- 
metric  observations  (see  N.  19,  461;  Am.  53,  1953;  J. Biol. Chem.  96, 
703;  Am.  55,  1481;  Hantzsch,  Ber.  49,  519;  Piccard,  Ber.  59,  1438). 
Wurster’s  red  is  a  compound  of  this  sort  that  has  been  widely  studied 
by  this  and  other  methods.  This  compound,  and  many  others  of  a 
similar  kind  were  given  only  a  meriquinoid  structure  {Willstatter, 
Ber.  41,  1458).  Later  these  compounds  were  explained  in  other  ways 
( Weitz ,  Ber.  59,  432;  Z.Elektrochem.  34,  538;  Dilthey,  J.pr.  118,  321, 
etc.).'  The  highly  colored  intermediate  substances  obtained  by  the 
reduction  of  certain  dyes  (such  &s  pyocyanine,  rosindulin  GG,  lacto- 
flavin  or  vitamin  B2)  are  also  regarded  as  radicals  {Kuhn,  Ber.  67, 
361).  It  does  not  appear  advisable  to  treat  all  these  compounds 
among  the  radicals,  as  it  would  mean  taking  them  away  from  more 
important  relationships.  The  arrangement  of  the  substances  dealt 
with  is  therefore  not  to  be  regarded  as  dictated  by  constitutional 
problems.  Certain  compounds  of  undoubted  radical  nature  are  only 
dealt  with  briefly  here,  and  more  fully  elsewhere.  For  instance,  the 
lead  tetraaryls  have  been  included  in  the  section  on  the  other  aro¬ 
matic  compounds  of  lead.  In  general,  the  work  is  arranged  so  that 
the  organogenic  elements,  carbon,  nitrogen,  and  oxygen,  are  used  as  a 
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basis.  It  has  also  been  considered  convenient  to  follow  these  three 
elements  with  those  radical-forming  elements  which  occur  near  them 
in  the  periodic  system.  Thus  the  elements  in  the  vertical  series  of 
Groups  IV,  V,  and  VI  in  the  periodic  system  are  dealt  with  in  order, 
in  so  far  as  they  enter  into  the  formation  of  organic  radicals.  Two 
other  elements  come  into  radical  formation;  they  are  in  the  third 
vertical  series.  The  following,  then,  is  the  arrangement:  IV — C,  Si, 
Sn,  Pb;  V— N,  P,  As,  Sb;  VI— 0,  S,  Cr;  III— B,  Al.  If  radicals  of 
one  particular  element  are  known  in  different  valency  stages,  the 
types  with  the  higher  valency  are  considered. 


1.  SPECIAL  PART 

I.  RADICALS  WITH  TRIVALENT  CARBON. 

CARBYLS 

a 

The  most  important  compounds  with  trivalent  carbon  are  the 
hydrocarbon  radicals.  It  has  been  shown  that  a  loading  with  aro¬ 
matic  or  other  unsaturated  groups  is  necessary  in  order  to  hinder  the 
practically  complete  dimerization  of  these  radicals.  The  triaryl- 
methyls  are  the  most  interesting  members  of  this  class,  both  on  his¬ 
toric  and  theoretical  grounds.  These,  together  with  the  closely  related 
trisubstituted  methyls  will  be  considered  first.  These  compounds  may 
be  referred  to  shortly  as  “trityls” — an  extension  of  the  abbreviation 
“tritvl”  recommended  in  Beilstein’s  “Handbuch”  (4th  ed.,  Vol.  V,  9) 
for  triphenylmethyl. 

(a)  Trityls  (Triarylmethyls  and  Analogous  Compounds) 

As  mentioned  above,  the  triarylmethyls  exist  in  equilibrium  with 
the  hexaarylethanes  (Wieland,  Ber.  42,  3028).  Whether  this  equi¬ 
librium  is  displaced  to  the  right  or  to  the  left  depends  chiefly  on  the 
nature  of  the  attached  groups.  In  the  methods  of  formation  of  the 
trityls  dealt  with  below,  this  equilibrium  will  not  be  further  men¬ 
tioned.  - 

METHODS  OF  FORMATION.  I.  Breaking  of  the  bond  be¬ 
tween  the  trityl  radical  and  halogen  (or  perchlorate  radical). 

1 .  The  classical  method  of  Gomberg  (Ber.  33, 3150)  for  the  prepara¬ 
tion  of  the  triarylmethyls  consists  in  the  action  of  metals  (silver,  mer¬ 
cury,  zinc)  on  the  triarylmethyl  chloride  in  benzene  solution  in  an 
atmosphere  of  carbon  dioxide: 

Ar3C — Cl  +  Ag  =  Ar3C - \-  AgCl 

Copper,  magnesium,  and  nickel  may  also  be  used.  The  action  of  magnesium 
takes  place  in  two  phases  (see  Schmidlin,  “Triphenylmethyl,”  p.  38) .  Molecular 
silver  is  particularly  effective  ( Gomberg ,  Ber.  39,  3286),  and  Schlenk  has  used 
molecular  copper  (Ber.  43,  1754)  or  copper  bronze  (Ann.  372,  2;  Ber.  44,  1172). 
Nickel  carbonyl  acts  like  nickel.  The  metal  takes  part  in  the  reaction  after  split¬ 
ting  off  carbon  monoxide  ( Schlenk ,  Ber.  44,  1176). 
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2.  Phenylmagnesium  iodide  may  be  used  to  remove  the  halogen 
from  triphenylmethyl  chloride  ( Schmidlin ,  Ber.  43,  1141): 

2  (C6H5)3C— Cl  +  2  C6H5MgI  =  2  (C6H5)3C—  +  C6H6— C6H6  +  2  MgCII 

The  analogous  method  of  acting  upon  trityl  perchlorates  with 
phenylmagnesium  bromide  is  of  considerable  preparative  use  ( Ziegler , 
Ann.  434,  34). 

3.  Sodium  diethylphosphite  removes  the  halogen  smoothly  from 
triphenylmethyl  bromide  ( Arbusov ,  Ber.  62,  1871), 

4-  Conant  (Am.  45,  2466)  found  that  vanadous  chloride  and 
chromous  chloride  would  remove  the  acid  radical  from  trityl  chlorides 
and  other  “onium”  salts  ( Conant ,  Am.  47,  572;  Ziegler,  Ann.  448, 
253) : 

R— Cl  +  VC12  =  R—  +  VC13 
R— Ac  +  CrCl2  =  R—  +  CrCl2Ac 

5.  Triphenylmethyl  chloride  reacts  with  sodio-triphenylmethyl 
forming  triphenylmethyl.  This  shows  that  not  only  the  halogen 
but  also  the  sodium  is  loosely  held  by  the  hydrocarbon  radical 
(. Schlenk ,  Ber.  47,  1667). 

(C6H5)3C— Cl  +  Na — C(C6H5)3  =  NaCl  +  2  (C6H5)3C 

6.  An  analogous  reaction  takes  place  between  triarylmethyl  chlorides  and 
triarylmethanes  in  sunlight  ( Schlenk ,  Ber.  43,  3544) : 

Ar3C— Cl  +  H — CAr3  =  HC1  +  2  ArC3 

The  chemical  methods  of  removing  halogen  from  the  trityl  halides 
are  followed  by  some  methods  of  theoretical  rather  than  practical 
interest,  which  depend  on  the  spontaneous  decomposition  of  the  hal¬ 
ides  or  their  decomposition  by  physical  methods : 

7.  The  halogen  in  triphenylmethyl  iodide  is  so  loosely  held  by  the  hydrocarbon 
radical  that  the  compound  breaks  down  to  the  extent  of  Ve  even  at  ordinary  tem¬ 
peratures  ( Gomberg ,  Ber.  35,  1826). 

(C6H5)3C — I  =  (C6H5)3C—  +  I 

8.  The  halogen  can  be  removed  from  triphenylmethyl  chloride  by  means  of 
cathode  rays  ( Schlenk ,  Ann.  372,  14). 

9.  Trityl  halides,  dissolved  in  liquid  sulfur  dioxide,  can  be  elec¬ 
trolyzed,  when  (C6H5)3C —  separates  at  the  cathode.  Complex  ions 
must  play  some  part  (triarylmethyl  halides  form  addition  compounds 
with  sulfur  dioxide,  Schlenk,  Ann.  372,  9). 

II.  Breaking  of  the  bond  between  the  trityl  radical  and  sodium  (or 
potassium;  method  5  may  be  included  here  also). 

10.  Sodio-triphenylmethyl  can  be  decomposed  into  the  radical  and  sodium 
peroxide  by  careful  shaking  with  air.  The  tetramethylammonium  compound 
of  the  trityl  radical  behaves  similarly : 

2  (C6H5)3C— Na  +  02  =  2  (C6H5)3C—  +  Na202 

1 1 .  The  metal  can  also  be  removed  by  the  action  of  aromatic  ketones.  Metal¬ 
lic  ketyls  are  formed  (see  later) : 

(C6H5)3C— Na  +  0=CAr2  =  (C6HB)3C—  +  NaO— CAr2 
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12.  An  almost  ideal  method  of  removing  the  metal  is  by  means 

of  tetramethylethylene  bromide  ( Ziegler ,  Ann.  437,  232): 

2  Ar2RC— K  +  (CH3)2CBr— CBr(CH3)2  = 

(Ar2RC — )2  +  (CH3)2C=C(CH3)2  +  2  KBr 

An  important  reaction  by  which  the  starting  material  for  the  above 
reaction  can  be  obtained  depends  on  the  power  of  tertiary  ethers, 
which  contain  at  least  one  aromatic  group  attached  to  the  central 
carbon  atom,  to  break  down  when  treated  with  potassium : 

Ar2RC — O — CH 3  +  2  K  =  Ar2RC — K  +  K— O— CH3 
{Ziegler,  Ann.  437,  227,  241;  see  also  Ber.  56,  1740,  2453). 

13.  Tritylmagnesium  chloride  enters  into  similar  reactions  to  the  trityl  alkali 
metals  (see  Schmidlin  * ‘Triphenylmethyl, ”  p.  40) . 

III.  Breaking  the  bond  between  trityl  radical  and  nitrogen ,  which  is 
possible  under  certain  circumstances  {Wieland). 

Ilf.  The  dissociation  of  trityldiphenylamine  in  boiling  xylene  is 
interesting  from  the  theoretical  point  of  view  {Wieland,  Ann.  381, 
215) : 

(C6H5)3C— N(C6H5)2  =  (C6H5)3C—  +  — N(C6H5)2 

15.  The  decomposition  of  azo-triphenylmethane,  which  occurs 
even  at  0°,  is  of  some  preparative  importance.  The  azo-compound 
is  readily  obtained  by  oxidation  of  the  corresponding  hydrazo-com- 
pound  {Wieland,  Ber.  42,  3021) : 

(C6H5)3C — N=N — C(C6H5)3  =  2  (C6H5)3C—  +  N2 

16.  The  study  of  the  analogous  fission  of  triarylmethaneazo- 
benzene  and  similar  compounds,  Ar3C — N=N — Ar,  has  given  valu¬ 
able  conclusions  on  the  occurrence  of  free  aryls  in  chemical  reactions, 
and  led  to  the  preparation  of  the  radical  of  the  basic  triphenyl- 
methane  dyes  {Wieland,  Ber.  55,  1816). 

IV.  Breaking  the  bond  between  trityl  radical  and  oxygen.  This  occurs  in  trityl 
ethers  and  is  only  of  theoretical  interest.  See  also  12  above. 

17.  Hydroquinone-6fs-trityl  ether  decomposes  on  heating  into  quinone  and 
two  trityl  molecules  ( Schmidlin ,  Ber.  43,  1302). 

V.  Breaking  the  bond  between  trityl  radical  and  sulfur  ( Blicke ,  Am.  45,  544, 
1965) . 

18.  N-Pentamethylene-S-trityldithiourethan,  C5Hi0N-C(:S)S-CAr3,  breaks 
down  in  solution  even  at  ordinary  temperature  forming  the  free  trityl. 

19.  Trityldisulfide  behaves  similarly. 

VI.  Breaking  the  C — C  bond  between  two  trityl  radicals.  The 
breaking  of  this  linking  is  implied  in  all  the  above  methods  for  obtain¬ 
ing  trityls.  If  this  does  not  take  place,  the  practically  pure  dimer  is 
obtained  (see,  for  example,  method  12). 

20.  In  many  cases  polyarylethanes,  which  are  not  dissociated  at 
all  at  ordinary  temperature,  may  be  dissociated  on  heating  {Schlenk, 
Ber.  43,  3542) : 

2  Ar3C — CHAr2  15°-°->  2  Ar3C—  +  (— CHAr2)2 
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The  decomposition  of  asymmetric  poly  ary]  ethanes  is  of  special  inter¬ 
est,  since  each  of  the  two  fission  products  can  dimerize,  and  three 
equilibria  exist.  The  most  important  dissociation  of  this  kind  occurs 
with  octaphenylpropane.  It  is  almost  complete  at  ordinary  tempera¬ 
tures.  Its  study  led  to  the  discovery  of  pentaphenylethyl  by  Schlenk 
and  Mark  (Ber.  55,  2285): 

Ar3C — CAr2 — CAr3  =  Ar3C - 1 - CAr2 — CAr3 

METHOD.  In  the  preparation  of  the  triarylmethyls  it  is  essential  to  exclude 
air,  as  the  radicals  are  very  readily  attacked  by  it.  Air  is  replaced  by  an  indiffer¬ 
ent  gas.  Carbon  dioxide,  hydrogen,  and  nitrogen  have  been  used  for  this  purpose. 
Carbon  dioxide  cannot,  however,  always  be  used,  as  it  sometimes  reacts  with 
the  materials  from  which  the  radicals  are  prepared,  e.g.  Ar3CNa.  For  the  same 
reason  it  is  often  necessary  to  exclude  all  moisture,  though  the  triarylmethyls 
themselves  are  not  attacked  by  water  ( Schlenk ,  Ber.  44,  1174).  The  rapid  dif¬ 
fusion  of  hydrogen  makes  its  use  unsuitable  in  many  types  of  apparatus.  In 
general,  therefore,  the  triarylmethyls  are  prepared  in  a  current  of  nitrogen.  For 
details  of  the  apparatus  for  obtaining  and  working  with  the  triarylmethyls,  see 
Gomberg,  Ber.  37,  1629,  2034,  2044;  Am.  39,  1652;  Schmidlin,  Ber.  41,  423;  45, 
3176,  3186,  3191;  Schlenk,  Ann.  372,  16;  Ber.  46,  2843;  Houben-Weyl,  Method, 
der  org.  Chem.,  2nd  ed.,  IV,  959  ff.;  Ziegler,  Ann.  434,  64;  445,  281;  473,  182; 
479,  105,  302;  504,  152.  Some  of  these  methods  are  reviewed  in  Walden,  Chem. 
der  fr.  Rad.,  pp.  58-63,  87,  119,  122.  Schlenk,  Ber.  46,  2843,  has  developed  a 
very  simple  and  elegant  method  of  working  with  sensitive  radicals,  in  his  work  on 
the  metallic  ketyls  ( q.v .). 

PROPERTIES.  The  essential  properties  of  the  triarylmethyls 
are  governed  by  their  tendency  towards  association.  This  depends 
on  the  type  of  substituents  ( Schlenk ) .  On  the  one  hand  it  can  be  en¬ 
tirely  lacking,  as  in  tribiphenylylmethyl,  (p-C6H5 — C6H4 — )iC — ,  of 
which  the  dimer  is  unknown  (Ann.  372, 1).  On  the  other  hand,  it  can 
be  so  strong  that  only  the  dimer  is  known. 

This  is  the  case  with  the  hydrocarbon  obtained  from  biphenylene- 
p-biphenylylmethyl  chloride : 

C6H4v  /Cl 
I  >C< 

c6h/  \c6h4— c6h6 

which  is  only  known  as  the  completely  undissociated  dibiphenylene- 
dibiphenylylethane  (Schlenk,  Ann.  372,  21) : 

C6H4v  /C6II4 

I  >C - C<  | 

c6h/  I  |  xC6H4 
C12I19  Ci2H9  - 

The  triarylmethyls  are  highly  colored;  their  dimers  are  colorless. 
The  majority  of  the  triarylmethyls  show  a  tendency  toward  associa¬ 
tion  between  the  two  extremes.  In  the  solid  form  they  are  colorless 
and  therefore  dimeric  ( Schmidlin ,  Ber.  41,  2473;  Schlenk,  Ber.  43, 
1757).  In  their  colored  solutions  there  is  an  equilibrium  between  the 
ethane  form  and  the  radical.  The  color  of  these  solutions  deepens 
on  dilution,  contrary  to  Beer’s  law.  This  is  due  to  displacement  of 
the  equilibrium  toward  the  monomeric  form  (Piccard,  Ann.  381,  347). 
Increase  of  temperature  gives  the  same  effect,  and  cooling  reverses  it 
(thermochromism) .  The  trityls  have  characteristic  band  spectra 
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{Meyer,  Wieland,  Ber.  44,  2557).  Their  solutions  in  benzene,  acetyl¬ 
ene  tetrachloride,  or  nitrobenzene  do  not  conduct  electricity,  but 
their  solutions  in  liquid  sulfur  dioxide  do  {Walden,  Z.physikal.Chem. 
43,  443;  Gomberg,  Ber.  37,  2045).  This  may  be  due  to  the  formation 
of  complex  ions.  For  an  exhaustive  account  of  the  colorimetric, 
spectroscopic,  and  conductometric  work  on  the  triaryl  methyls,  see 
Walden ,  Chem.der  fr.Rad.,  pp.  190,  182,  154. 

CHEMICAL  PROPERTIES.  The  outstanding  chemical  prop¬ 
erty  of  the  triarylmethyls  is  their  unsaturation.  The  following  re¬ 
actions  are  important : 

1.  Oxygen  reacts  very  rapidly  with  triarylmethyls  forming  the 
colorless  foVtriarylmethyl  peroxides,  which  are  difficultly  soluble 
in  the  usual  organic  solvents  ( Gomberg ,  Ber.  33,  3154): 

2  Ar3C - 02  =  Ar3C — 0 — O — CAr3 

On  this  reaction  and  the  equilibrium  between  triphenylmethyl  and 
hexaphenylethane,  depends  the  historically  important  “Schmidlin 
experiment” : 

“Completely  pure,  colorless  triphenylchlorome thane  is  shaken  with  half  a  test- 
tube  full  of  benzene  and  some  zinc  dust,  the  mouth  of  the  tube  being  closed  with 
the  thumb.  The  yellow  solution  is  filtered  into  a  large,  wide,  test-tube.  The 
filtered  yellow  solution  becomes  momentarily  decolorized  on  shaking,  but  on 
standing  becomes  rapidly  colored  again.  The  color  can  be  ‘shaken  away’  many 
times.” 

For  the  mechanism  of  the  oxidation  of  the  triarylmethyls,  in  which  the  primary 
peroxidic  radical  with  monovalent  oxygen,  Ar3C — O — O — ,  is  formed,  and  is  the 
carrier  of  a  reaction  chain,  see  Ziegler,  Ann.  504,  162,  182.  Details  are  also  given 
of  the  stoichiometric  oxidation  in  the  presence  of  pyrogallol  (method  of  estimat¬ 
ing  the  dissociation  constant  of  hexaarylethanes) . 

2.  Quinone  reacts  with  triphenylmethyl  in  the  same  way  as 
oxygen.  Two  molecules  of  the  radical  add  on  {Schmidlin,  Ber.  43, 
1300).  This  is  the  reverse  of  method  of  formation  17. 

Ar3C —  +  0=C6H4=0  +  — CAr3  =  Ar3C— O— C6H4— O— CArs 

2a.  Isoprene  and  similar  substances  add  on  two  molecules  of 
triarylmethyl  in  the  same  way,  at  the  ends  of  the  conjugated  system 
{Conant,  Am.  55,  3475). 

3.  Oxidizing  agents  (chromic  acid,  permanganate)  convert  tri¬ 
phenylmethyl  into  triphenylmethanol  {Schlenk,  Ann.  394,  182). 

4-.  Halogens  readily  add  on  to  triarylmethyls,  though  by  the 
direct  action  of  chlorine  and  bromine  at  —10°,  substitution  also  oc¬ 
curs  {Gomberg,  Ber.  33,  3158).  The  addition  of  iodine,  which  can  be 
followed  volumetrically,  is  not  quantitative  (see  method  of  formation 
7  and  Gomberg,  Am.  45,  190;  Ann.  479,  292).  The  reaction  goes  to 
completion  if  quinoline  is  added.  The  quinoline  removes  the  trityl 
iodide  as  it  is  formed,  and  in  this  case  the  reaction  can  be  used  for  the 
determination  of  the  concentration  of  a  solution  of  the  radical 
{Ziegler,  Ann.  504,  149).  In  contrast  to  iodine,  bromine  reacts  with 
both  triphenylmethyl  and  hexaphenylethane,  of  which  the  central 
bond  is  readily  broken  {Ziegler,  Ann.  479,  299). 

5.  Hydrogen  reacts  with  triphenylmethyl  only  with  difficulty, 
resembling  in  this  respect  the  metals.  Energetic  hydrogenation, 
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however,  leads,  as  would  be  expected,  to  triphenylmethane  ( Gom - 
berg ,  Ber.  36,  381 ;  Schlenk ,  Ber.  44,  1174;  Schmidlin,  Ber.  45,  3190; 
Wieland ,  Ann.  401,  240). 

6.  Sodium  and  (more  readily)  potassium,  react  with  the  triaryl- 
methyls  with  formation  of  highly  colored  addition  products  ( Schlenk , 
Ber.  47,  1664): 

Ar3C - \-  Na  =  Ar3C — Na 

The  alkali  metals  are  used  in  powder  form,  being  obtained  by  shaking  with  hot 
liquids,  e.g.,  xylene  (Na,  m.p.  97.8°)  and  benzene  (K,  m.p.  62.5°). 

Triphenylmethyl  only  reacts  with  difficulty  according  to  this  equation,  being 
converted  largely  into  p-benzhydryltetraphenylmethane.  Brick-red  triphenyl¬ 
methyl  sodium  can,  however,  be  prepared  by  the  use  of  sodium  amalgam  and  fol¬ 
lowing  a  special  method,  without  difficulty. 

For  the  alkali  metals  as  a  reagent  for  weak  valences  in  organic  compounds  see 
Ziegler,  Ber.  56,  1740.  It  is  there  mentioned  that  potassium  will  readily  break 
down  1,1,2,2-tetraphenylethane,  which  is  undecomposed  at  380°. 

In  a  similar  manner  to  the  above  mentioned  elements,  radicals  will 
-  also  add  on  to  the  triarylmethyls : 

7.  Nitric  oxide  forms  triphenylnitrosomethane  with  triphenyl¬ 
methyl,  but  the  substance  is  very  unstable  and  cannot  be  isolated 
(Schlenk,  Ber.  44,  1170).  For  the  determination  of  the  dissociation 
constant  of  dissolved  hexaarylethanes  with  the  aid  of  this  reaction 
(in  the  presence  of  aniline),  see  Ziegler,  Ann.  504,  137. 

8.  Nitrogen  dioxide  (or  tetroxide)  converts  triphenylmethyl  into 
(a  little)  triphenylnitromethane,  and  (much)  triphenylmethyl 
nitrite.  If  the  proportion  of  N02  molecules  in  the  gas  is  increased  by 
heating,  the  yield  of  triphenylnitromethane  is  increased  (Schlenk,  Ber. 
44,1171): 

(C6H5)3C—  +  — N02  =  (C6H8)3C— no2 

8a.  For  the  formation  of  triphenylmethyl  perchlorate  from  triarylmethyl  and 
(ClOOx,  see  Gomberg,  Trans.  Faraday  Soc.  30,  24. 

9.  Nitrogen  diaryls  (tetraarylhydrazines  at  the  dissociation  tem¬ 
perature)  add  on  to  triphenylmethyl  (reverse  of  method  of  prepara¬ 
tion  lJf)  to  give  trityldiarylamines  (Wieland,  Ann.  381,  215;  Ber.  45, 
2605) : 


(C6H5)3C—  +  — NAr2  =  (C6H6)3C — NAr2 


10.  p-Dimethylanilinodisulfide  reacts  with  triphenylmethyl  in 
boiling  xylene  like  the  tetraarylhydrazines  (cf.  9)  although,  according 
to  Lecher,  the  disulfide  is  not  decomposed  into  radicals  at  the  tempera¬ 
ture  of  the  experiment  (Ber.  48,  527 ;  cf.  on  the  other  hand,  Schonberg, 
Ber.  66,  1932,  and  p.  453) : 

2  (C6H5)3C—  +  (CH8)2N— c6h4— s— S— C6H4— N(CH3)2  = 

2  (C6H5)3C— S— C6H4— N(CH3)2 

11.  Diazomethane,  which  often  acts  as  if  it  were  free  methylene, 
reacts  with  triphenylmethyl  with  formation  of  hexaphenylpropane 
(Schlenk,  Ann.  394,  183) : 

2  (C6H8)3C—  +  CH3N2  =  [(C6H5)3C]2CH2  +  N2 
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12.  Carbon  monoxide,  contrary  to  expectations,  does  not  react 
with  triphenylmethyl.  This  is  of  some  importance  in  connection 
with  the  valence  relationships  of  carbon  monoxide  ( Schlenk ,  Ber. 
44,  1176). 

13.  Water  also  does  not  react  with  triphenylmethyl  (Schlenk, 
Ber.  44,  1174).  This  is  remarkable  because  many  other  compounds 
with  mobile  hydrogen  react  with  triphenylmethyl,  as  shown  in  some 
of  the  following  reactions  (15-19). 

11+.  Hydrogen  chloride  converts  triphenylmethyl  (in  dry  benzene 
solution)  into  p-benzhydryltetraphenylmethane  ( Tschitschibabin, 
Ber.  37,  4709;  41,2421): 

2  (C6H5)3C—  =  (CeH.^CH—^  )>— C(C.H,), 

The  explanation  of  this  reaction,  which  is  called,  for  short,  Tschitschibabin’ s 
transformation,  was  of  the  greatest  importance  because  for  some  time  p-benz- 
hydryltetraphenylme  thane  was  mistaken  for  hexaphenylethane,  and  so  hindered 
the  true  explanation  of  the  colorless  “ethane”  form  of  triphenylmethyl.  Besides 
the  above-mentioned  product,  about  6%  triphenylme thane  and  triphenylmethyl 
chloride  are  formed  by  the  action  of  hydrogen  chloride  on  triphenylmethyl 
{Schlenk,  Ann.  372,  8). 

15.  Hydrogen  chloride  acts  on  other  triarylmethyls  completely 
as  described  in  the  note  above  (Schlenk,  Ann.  372,  8;  Gomberg,  Am. 
41,  1655;  45,  207): 

Ar3C —  +  HC1  +  — CArs  =  Ar3C— H  +  Cl— CAr3 

16.  Phenol  reacts  with  triphenylmethyl  at  50°  forming  tri- 
phenylmethane  and  p-hydroxytetraphenylmethane  (Schmidlin,  Ber. 
45,3180): 

2  (C6H6)3C —  +  H— C6H4— OH  =  (C6H5)3C — H  +  (C6H5)3C — C6H4 — OH 

17.  o -  and  p-Xylene  at  the  boiling  point  react  in  the  same  way 
as  phenol  on  triphenylmethyl : 

2  (C6H5)3C—  +  H — C6H3(CH3)2  =  (C6H5)3C — H  +  (C6H5)3C— C6H3(CH3)2 

(Wieland,  Ann.  401,  237). 

If  m-xylene  is  used,  p-benzhydryltetraphenylmethane  is  obtained  in  addition 
to  triphenylme  thane  and  some  other  unidentified  products  {Wieland,  Ann.  401, 
236,  240) . 

18.  Phenylhydrazine  reacts  even  at  ordinary  temperature  with 
triphenylmethyl,  giving  triphenylme  thane  and  a,/3-tritylarylhydra- 
zines  (Schlenk,  Ber.  44,  1175): 

2  Ar3C - b  H— NH— NH— Ar  =  Ar3C — H  +  Ar3C— NH— NH— Ar 

19.  Disproportionation  of  triphenylmethyl.  The  above-men¬ 
tioned  reactions  (15-18)  are  related  to  the  remarkable  quantitative 
autodehydrogenation  of  triphenylmethyl,  which  takes  place  when  the 
benzene  solution  is  exposed  for  a  long  time  (45  days)  to  diffuse  day¬ 
light.  Triphenylmethane  and  dibiphenylenediphenylethane  are 
formed  (Schmidlin,  Ber.  45,  1344;  Wieland,  Ann.  401,  236;  Bowden , 
J.  1928,  1149): 
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6  (C6H6)3C— 


4  (C6H5)  3C— H 


C6H4x  /C6H4 

+  I  >C(C6Hb)— C(C6H6)<  I 

C6h/  xC6H4 


20.  Like  the  metals,  triarylmethyls  can  mutually  precipitate  each 
other  from  solutions  of  their  salts  ( Schlenk ,  Ann.  394,  199) : 


(C6H6)3C—  +  (C6H5— C6H4)2(C6H5)C— Cl  = 

(C6H5)3C— Cl  +  (C6H6— C,H4),(C«H6)C— 

21 .  Molecular  compounds.  Gomberg  has  shown  that  triphenyl- 
methyl  has  a  great  tendency  to  form  molecular  compounds  with  the 
most  varied  substances  (Ber.  38,  1333,  2447;  Am.  37,  2569;  Rogers , 
Am.  50, 149).  In  nearly  every  case,  two  molecules  of  triphenylmethyl 
add  on  one  molecule  of  the  other  substance.  It  has  not  yet  been 
shown  whether  this  is  really  a  property  of  triphenylmethyl  or  of  hexa- 
phenylethane.  The  following  substances  combine  with  triphenyl¬ 
methyl  to  give  molecular  compounds:  (a)  ketones  other  than  ace¬ 
tone;  (b)  esters  other  than  methyl  and  ethyl  formate;  ( c )  ethers  and 
thioethers;  (d)  nitriles;  (e)  carbon  disulfide;  (/)  chloroform;  ( g ) 
amylene;  ( h )  aromatic  hydrocarbons  (benzene  and  homologues); 
(i)  hydroaromatic  hydrocarbons  (cyclohexane  and  methylcyclohex- 
ane);  ( k )  paraffins  (heptane,  octane,  decane,  but  not  hexane).  These 
compounds  have  considerable  theoretical  interest. 

Quinoid  nature  of  triarylmethyls?  Gomberg  proposed  the  con¬ 
cept  (which  has  been  much  questioned)  that,  in  solutions  of  hexa- 
phenylethane,  there  was,  in  addition  to  dissociation,  a  tautomeriza- 
tion  of  triphenylmethyl  to  a  quinoid  form: 

C6H5x  /H 

(C6H6)3C-  =  >c=<  X 

c6h/  \=/\ 


See  Walden,  Chem.  der  fr.Rad.,  p.  198  ff.,  and  Gomberg ,  Am.  47,  2373; 
48,  1345;  Wooster,  Am.  51,  1163;  Goldschmidt,  Ber.  53,  47;  Ziegler , 
Ann.  473,  169  ff.  According  to  Ziegler  and  others,  there  is  no  evi¬ 
dence  for  the  existence  of  such  a  tautomeric  equilibrium  in  the  case 
of  the  triarylmethyls. 

Effect  of  groups  on  the  degree  of  association  of  triarylmethyls. 

It  has  been  supposed  for  some  time  that  the  degree  of  association  of 
the  triarylmethyls  depends  on  the  electrochemical  nature  of  the 
groups  present.  The  question  may  be  investigated  by  considering  the 
basicity  of  the  triarylmethanols  ( Ziegler ,  Ann.  458, 229)  and  the  deter¬ 
mination  of  the  conductivity  of  solutions  (usually  in  liquid  sulfur  di¬ 
oxide)  of  carbonium  salts  (determination  of  tendency  of  triarylmethyl 
chlorides  and  analogous  compounds  to  tautomerize — connection  with 
transition  into  solvated  ionic  state,  Ziegler,  Ann.  479,  90).  The  re¬ 
sults  of  these  experiments  made  it  possible  to  arrange  the  groups  in  a 
“basicity  series.”  The  following  series,  which  is  arranged  with  in¬ 
creasing  positive  action  of  the  aryls,  will  serve  as  an  example  {Ziegler, 
Ann.  479,  103) : 

Cells — ;  /3-C10H7 — j  p-CeHs — CeH4 — j  a-CioEb — ; 

p-CH3— C6H4— ;  o-CH30 — C6H4 — ;  p-CH30— C6H4— ; 
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In  spite  of  the  great  number  of  investigations  carried  out  in  this  direc¬ 
tion,  no  simple  connection  has  yet  been  traced  between  electrochemical 
character  and  tendency  toward  association  of  a  radical  ( Ziegler ,  Ann. 
479,  116).  At  present  we  must  be  satisfied  with  the  fact  that  the  re¬ 
placement  of  phenyl  groups  in  triphenylmethyl  by  biphenylyl  or 
naphthyl  radicals  decreases  the  tendency  of  the  central  carbon  atom 
to  association. 


1 .  Triarylmethyls 

Triphenylmethyl,  trityl,  (C6H6)3C — ,  is  yellow  in  solution,  but 
colorless  when  crystalline  (dimeric  form),  m.p.  145-147°,  with  a  red 
coloration  ( Gomberg ,  Ber.  37,  2037).  Hexaphenylethane  first 
gives  a  colorless  solution,  which  becomes  yellow  owing  to  dis¬ 
sociation.  For  molecular  weight  determination,  see  Schmidlin,  Ber. 
45,  3181;  Gomberg ,  Am.  39, 1652  (cryoscopic) ;  Schlenk ,  Ann.  394, 179 
(b.p.).  The  degree  of  dissociation  in  benzelie  at  5.5°  is  about  2% 
and,  at  80.5°,  about  27%.  In  naphthalene  at  79°,  it  is  about  21%. 
The  dissociation  constant  in  naphthalene  is  0.0028.  The  heat  of  dis¬ 
sociation  of  hexaphenylethane  is  11.5  kcal.  ( Ziegler ,  Ann.  473,  180). 
Velocity  of  dissociation  and  heat  of  activation  of  hexaphenylethane, 
see  Ziegler ,  Ann.  504,  131,  182.  Colorimetric  determinations  with 
trityl  solutions,  see  Wieland,  Ann.  381,  349;  Schmidlin ,  Ber.  45,  3181 ; 
Ziegler ,  Ann.  473,  163.  Absorption  spectrum  in  organic  solvents  and 
liquid  sulfur  dioxide,  Meyer ,  Ber.  44,  2559;  Schlenk,  Ber.  46,  1480. 
Electrical  conductivity  of  liquid  sulfur  dioxide  solutions,  Walden, 
Z.physikal.Chem.  43,  443,  451;  Gomberg,  Ber.  37,  2045;  38,  1342; 
Schlenk,  Ann.  372,  11.  Heat  of  combustion  at  constant  volume, 
2377.7  kcal.;  at  constant  pressure,  2380  kcal.  Heat  of  formation, 
—  71  kcal.  ( Schmidlin ,  C.r.  139,733;  Ann.chim.  [8],  7,251).  Molec¬ 
ular  volume  of  hexaphenylethane,  Ziegler,  Ann.  473,  194.  Methods 
of  formation  and  chemical  properties,  see  above.  Peroxide,  m.p.  185- 
186°  (according  to  Schmidlin,  m.p.  193°).  For  11  Schmidlin’ s  experi¬ 
ment”  see  p.  397. 

TRITYLS  WITH  TOLYL  RADICALS.  Diphenyl-p-tolylmethyl, 
phenyl-di-p-tolyimethyl,  and  tri-p-tolylmethyl.  These  have  only 
been  obtained  in  solution.  Their  colors  are  orange-yellow,  orange, 
and  orange-red,  respectively  ( Gomberg ,  Ber.  37,  1626).  Absorption 
spectrum  of  tri-p-tolylmethyl,  Meyer,  Ber.  44,  2559.  Peroxides,  m.p. 
170-171°,  147-148°,  and  169-170°,  respectively. 

TRITYLS  WITH  BIPHENYLYL  RADICALS.  Diphenyimonobi- 
phenylylmethyl,  diphenyl-p-xenylmethyl,  4-phenyltrityl,  (C6H5)2- 
(p-C6H5-C6H4)C — ,  has  only  been  obtained  in  solution  (in  benzene  it 
is  orange-red,  and  is  about  15%  dissociated  at  5.5°)  ( Schlenk ,  Ann. 
372,  6;  394,  186).  Absorption  spectrum,  Schlenk,  Ber.  46,  1480. 

Peroxide,  m.p.  180°. 

Phenyldibiphenylylmethyl,  phenyldi-p-xenylmethyl,  (C6H5)- 
(p-CeH5 — CbH^C — ,  is  red  in  solution  (dissociated  to  the  extent  of 
about  80%  in  benzene  at  5.5°),  and  is  colorless  in  the  solid  state 
(dimer)  ( Schlenk ,  Ann.  372,  6;  Ber.  43, 1756).  Absorption  spectrum, 
Schlenk,  Ber.  46,  1480. 


402 


ORGANIC  FREE  RADICALS 


Tribiphenylylmethyl,  £m-p-biphenylylmethyl,  tri-p-xenylmethyl, 

(p-C6H5— C6H4)3C — ,  is  only  known  in  the  monomolecular  form. 
Solutions  transmit  deep  violet  light,  but  in  thin  layers  the  solution  ap¬ 
pears  greenish.  It  forms  greenish  black  crystals,  melting  at  186°. 
This  was  obtained  by  Schlenk  as  the  first  pure  free  organic  radical 
(Ann.  372,  1;  Ber.  46,  1475).  Peroxide,  m.p.  198°. 

TRITYLS  WITH  NAPHTHYL  RADICALS.  Diphenyl-a-naph- 
thylmethyl,  (C6H6)2(q:-C]oH7)C — ,  is  a  greenish  black  powder  ( Schlenk , 
Ann.  394,  193)  and  pale  yellow  crystals,  m.p.  135-137°  ( Gomberg , 
Am.  39,  1652;  41,  1655).  The  solution  in  benzene  (wine  red)  is 
about  59%  dissociated  at  5.5°.  Dissociation  constant  in  nitroben¬ 
zene,  0.06.  In  naphthalene  at  79°,  it  shows  ultradissociation.  Molec¬ 
ular  weight  for  the  monomeric  substance,  calc.  293,  found  264. 
Ultradissociation  constant  in  naphthalene,  0.00114  ( Walden ,  Chem. 
der  fr.Rad.,  pp.  290,  300).  Paramagnetic  susceptibility,  G.  N.  Lewis , 
Proc. Nat. Acad. Sci.  11,  456.  Peroxide,  m.p.  172-173°  (decomp.). 

Phenylbiphenylyl-a-naphthylmethyl,  (C6H6)  (p-C6H6 — C6H4)- 

(a-CioH7)C — ,  yellowish  brown  crystals;  solution  in  benzene,  deep 
reddish  brown.  In  this  solvent  it  shows  ultradissociation  at  5.5°. 
Molecular  weight  of  the  monomeric  form,  calcd.  369,  found  348. 
Peroxide,  m.p.  155°  ( Schlenk ,  Ann.  394,  195;  Schmidlin,  Ber.  45, 
3183). 

Dibiphenylyl-a-naphthylmethyl,  (p-CeHs — Ce^Ma-CioILOC — ,  is  very  similar 
to  the  above  ( Schlenk ,  Ber.  46,  1482) . 

BiphenyL/3-naphthylmethyl,  (C6H6)2  03-CioH7)C — ,  m.p.  135-140°, 
with  a  red  coloration.  Degree  of  dissociation  in  naphthalene  at  79° 
about  47%.  Dissociation  constant  in  naphthalene  0.029,  and  in 
nitrobenzene  0.006.  The  following  comparison  of  conductivity 
and  color  in  liquid  sulfur  dioxide  solution  is  interesting.  Radi¬ 
cals  arranged  in  order  of  decreasing  conductivity:  diphenyl-o:- 
naphthylmethyl  (green) ;  diphenyl-/3-naphthylmethyl  (red) ;  tri- 
phenylmethyl  (orange-yellow).  Diphenyl-jS-naphthylmethyl  perox¬ 
ide,  m.p.  166°  ( Gomberg ,  Am.  44,  1810;  Ziegler,  Ann.  473,  172). 

Tri-/3-naphthylmethyl,  (/3-Ci0H7)3C — ,  crystallizes  from  its  violet- 
red  solution  in  crystals  resembling  chrome  alum,  and  soon  loses  its 
color  (even  in  carbon  dioxide).  In  order  to  determine  its  molecular 
weight  it  must  therefore  be  prepared  in  the  Beckmann  apparatus 
by  the  action  of  excess  of  silver  on  the  chloro  derivative.  The  values 
obtained  are  not  very  concordant,  but  indicate  considerable  dissocia¬ 
tion  ( Tschitschibabin ,  J.pr.  [2],  88,  515). 

HALO  GEN  ATED  TRIARYLMETHYLS.  Halogenated  tri- 
phenylmethyls  (Ber.  37,  1633).  p-Chloro,  p-bromo-,  and  p-iodo- 
triphenylmethyi,  have  been  obtained  only  in  solution  (colors :  wine 
red,  orange-red,  orange-red,  respectively).  Peroxides,  m.p.  165°, 
167°,  169°,  respectively.  Tri-(p-chlorophenyl) -methyl,  (p-Cl — - 
C6H4)3C — ,  obtained  only  in  solution,  has  a  deep  magenta  color. 

p-Bromo-diphenyl- 1  -naphthylmethyl,  (C6H4Br)  (CelR)  (a-Ci0H7)- 
C — ,  gives  a  violet  solution.  Peroxide,  m.p.  146°  (decomp.) 
Diphenyl-4-bromo-l-naphthylmethyl,  (C6H6)2  (a-Ci0H6Br)C — ■,  gives 
a  brownish  red  solution.  Peroxide,  m.p.  153-154°  (dec.).  Poly- 
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meric  peroxides  have  been  obtained  of  both  methyls,  the  forma¬ 
tion  being  due  to  the  action  of  oxygen  on  free  radicals  of  the  second 
order  ( Gomberg ,  Am.  45,  1765). 

NITRATED  TRIARYLM ETHYLS.  Nitrated  triphenylmethyls : 
mono-p-nitro,  di-p-nitrotriphenylmethyl  are  only  known  in  solution, 
in  which  both  substances  are  deep  green,  and,  in  higher  concentra¬ 
tions,  red.  They  are  very  unstable  compounds  ( Ziegler ,  Ann.  479, 
114).  Tri-(p-nitrophenyl) -methyl,  (p-02N — C6H4)3C — ,  forms  deep 
green  crystals  when  viewed  by  reflected  light.  The  crystals  have  a 
coppery  luster,  and  are  considerably  dissociated  ( Ziegler ,  Ann.  458, 
254). 

For  other  nitrated  trityls,  see  under  methoxylated  triarylmethyls. 

HYDROXYLATED  TRIARYLMETHYLS.  The  experiments  of 
Gomberg  and  his  co-workers  to  obtain  p-hydroxy-  and  o-hydroxy- 
triphenylmethyl  were  subject  to  the  interference  of  side  reactions 
(Am.  37,  2575;  45,  190).  The  latter  compound  was  obtained  in  the 
form  of  its  peroxide,  m.p.  131°.  Recently  it  has  been  found  possible 
to  prepare,  in  solution,  a  triarylmethyl  with  a  free  hydroxyl  group, 
3-hydroxy-2-naphthyldiphenylmethyI,  (HO)  [3  JCioER  [2]  C(C6H5)2. 
This  compound  is  deep  brown  in  benzene  solution,  and  exists  to  the 
extent  of  85-90%  in  the  radical  form.  Peroxide,  m.p.  145°  ( Gom¬ 
berg ,  Am.  47,  2392). 

METHOXYLATED  TRIARYLMETHYLS.  o-M  ethoxy  triphenyl- 
methyl,  (CH30)  [2]C6LI4[1]C(C6H5)2,  colorless  in  the  solid  form 
(m.p.  117-121°)  gives  an  orange-red  solution.  Dissociation  constant 
in  benzene  at  5.5°,  about  26%.  Dissociation  constant  in  benzene, 
0.0046.  Peroxide,  m.p.  160-161°  (dec.)  ( Gomberg ,  Am.  45,  190). 

p-Methoxytriphenylmethyl,  CH30[4]C6H4[1]C(C6H5)2,  is  almost 
colorless  (m.p.  145-150°),  but  gives  an  orange  solution.  Degree  of 
dissociation  in  benzene  at  5.5°,  about  24%.  Dissociation  constant 
in  benzene,  0.0029;  in  other  solvents,  see  Walden,  Chem.der  fr.  Rad., 
p.  291.  Peroxide,  m.p.  157°  ( Gomberg ,  Am.  45,  207). 

2,5-,  2,4-,  and  3,4-Dimethoxytriphenylmethyls,  are  similar  to  the 
above.  Only  the  first  of  these  has  been  obtained  in  the  solid  state. 
Peroxides,  m.p.  149°,  146°,  162.5°,  respectively  ( Gomberg ,  Am.  47, 
2373). 

p- M  e  thoxy-p-nitro  trip  henylme  thy  1,  di-p-methoxy-mono-p-nitro- 
triphenylmethyl,  mono-p-methoxydi-p-nitrotriphenylmethyl,  be¬ 
have  in  exactly  the  same  way  as  the  mono-  and  di-p-nitrotriphenyl- 
methyls  described  above. 

BENZYLATED  HYDROXYTRIPHENYLMETH YLS .  The  preparation  of  o- 
benzyloxytriphenylmethyl,  is  complicated  by  the  interference  of  side -reac¬ 
tions,  but  the  peroxide  has  been  obtained,  m.p.  153°  ( Gomberg ,  Am.  45,  207). 

p-Benzyloxytriphenylmethyl,  C6H5-CH2-0[4]C6H4[1]C(C6H5)2,  is 
almost  colorless  (m.p.  142-145°),  but  it  gives  an  orange-yellow 
solution.  Degree  of  dissociation  in  benzene  at  5.5°,  about  34%. 
Dissociation  constant  in  benzene  0.0056;  in  other  solvents,  see  Wal¬ 
den,  Chem.der  fr.Rad.,  p.  292.  Peroxide,  m.p.  171°  {Gomberg,  Am. 
45,  207). 
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ACYLATED  p-HYDROXYTRIARYLMETHYLS.  Radicals  of  this  kind  have 
usually  only  been  obtained  in  solution  (cherry  red).  They  are  obtained  from  p- 
hydroxytriphenylmethyl  by  replacement  of  the  phenolic  hydrogen  by  carbethoxy, 
acetyl,  or  benzoyl  groups.  Peroxides,  m.p.  171°,  172°,  and  167°  (dec.)  ( Gom - 
berg ,  Am.  37,  2575).  The  carbethoxy  derivatives  of  the  following  methylated 
hydroxy  trityls  have  been  obtained:  HO[4]CH3[3]C6H3[l]C(C6H5)2  and  HO[4]- 
CH3[2]C6H3[1]C(C6H5)2.  Peroxides,  m.p.  161-162°,  141-142°  (decomp.) 

( Gomberg ,  Am.  38,  1577;  39,  1674). 

RADICALS  OF  THE  BASIC  TRIPHENYLMETHANE  DYES. 

The  preparation  of  the  radicals  of  malachite  green  and  crystal  violet 
is  of  particular  importance,  because  these  compounds,  contrary  to 
all  expectations,  are  only  orange-yellow  in  color  (in  the  cold;  at  90°, 
they  are  orange-red)  ( Wieland ,  Ber.  55,  1820,  1830;  see  method  of 
formation  16,  p.  399).  Both  radicals,  bis-(p-dimethylamino)-tri- 
phenylmethyl  and  tris-  (p-dimethylamino)-triphenylmethyl  cannot 
be  distinguished  in  color  in  solutions  of  the  same  concentration. 
Their  spectra  show  characteristic  absorption  bands.  Like  their 
colorless  peroxides,  they  are  very  unstable.  For  their  preparation 
from  the  triphenylmethane  dyes,  see  Conant,  Am.  53,  676. 

TRIARYLMETHYLS  WITH  CLOSED  RINGS.  From  the  con¬ 
stitutional  point  of  view  those  triarylmethyls  in  which  two  aryl 
groups  are  linked  together  have  a  certain  interest.  There  are  very 
great  differences  between  the  capacity  of  the  various  compounds  in 
this  group  to  exist  in  the  form  of  radicals.  Ring  closure,  in  itself,  is 
without  effect  on  the  tendency  toward  association.  If  the  linking 
between  the  two  aryl  groups  is  direct,  practically  the  whole  yield  is 
in  the  form  of  the  dimeric  trityl  with  a  fluorene  linking.  If,  on  the 
other  hand,  the  aryls  are  linked  with  an  intermediate  polyvalent 
atom,  trityls  are  formed  in  which  the  central  atom  is  a  member  of  a 
six-atom  ring.  Trityls  with  six-membered  heterocyclic  rings  have 
been  prepared  in  large  numbers. 

FLUORENYLS  AND  bzs-FLUOREN YLS.  In  spite  of  its  close 
resemblance  to  triphenylmethyl  (I),  the  trityl  with  a  fluorene  linking, 
derived  from  it  (II),  is,  rather  surprisingly,  completely  bimolecular 
(even  in  solution,  at  ldast  at  ordinary  temperatures).  Another  sur¬ 
prising  fact  is  that  the  replacement  of  the  phenyl  group  in  (II)  by  a 
biphenylyl  radical  (III)  still  further  increases  the  tendency  to  associa¬ 
tion. 

•o<z>  o<z> 

\  /  \  /  \  / 


^  )  (i)  Cd  (id  dd  (HD 

9-Phenylfluorenyl,  phenylbiphenylenemethyl  (see  II)  and  bis - 
(9-phenylfluorenyl),  colorless  crystals,  m.p.  254°,  give  a  brown 
coloration  in  boiling  anisole  or  ethyl  benzoate,  Which  disappears  on 
cooling  ( Schlenk ,  Ber.  43,  1753).  Molecular  volume,  Ziegler ,  Ann. 
473,  207.  Peroxide,  m.p.  193°. 

9-Anisylfluorenyl,  anisylbiphenylenemethyl,  and  bis-{ 9-anisyl- 
fluorenyl),  colorless  crystals,  m.p.  227-230°.  This  compound  be- 
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haves  exactly  in  the  same  manner  as  the  previous  one  on  heating 
in  solvents  of  high  boiling  point.  It  is  noteworthy  that  apparently 
the  tendency  to  association  is  not  diminished  in  this  case  by  the  sub¬ 
stitution  of  anisyl  for  phenyl,  whereas  the  analogous  change  in  the 
case  of  triphenylmethyl  results  in  a  considerable  decrease  in  the  as¬ 
sociation  (p.  403).  Peroxide,  m.p.  192°,  and  red  coloration,  see 
Schlenk,  Ann.  394,  196. 

9-Biphenylylfluorenyl,  biphenylylbiphenylenemethyl  (see  formula 
III  above),  and  6is-(9-biphenylylfIuorenyl),  colorless  crystals,  m.p. 
175-176°  (Ann.  372,  30).  In  boiling  anisole  it  develops  a  brown 
color,  but  less  readily  than  9-phenylfluorenyl  ( Schlenk ,  Ber.  43,  1756). 
Peroxide,  m.p.  193°. 

HEXACYCLIC  CLOSED-RING  TRIARYLMETHYLS.  *  10- 

Phenylanthronyl  (I),  a  yellow  crystalline  powder,  dissolving  in  ben¬ 
zene  with  a  beautiful  red  color.  Degree  of  dissociation  in  benzene 
at  5.5°  about  33%  ( Schlenk ,  Ann.  394,  191). 


(I) 


(II) 


9-Arylxanthyls  (II),  yellow-colored,  crystalline  compounds,  which 
dissolve  in  benzene  with  a  deep  red  color  ( Gomberg ,  Ann.  370,  158; 
Schlenk ,  Ann.  394,  188;  Gomberg ,  Am.  39,  1652).  Degree  of  dissocia¬ 
tion  of  9-phenylxanthyl  in  benzene  at  80.5°  is  about  82%. 


Xanthyl 

Phenyl- 
p-T  olyl- 
p-Chlorophenyl- 


M.p. 

166-168° 

156-158° 

149-151° 


Dissociation  constant 
in  CioHs 

0.049 

0.050 

0.029 

* 


M.p.  of 
peroxide 

219°  (dec.) 
212° 

213° 


Further  details  of  the  dissociation  of  these  compounds  are  given  in 
'Walden,  Chem.der.  fr.Rad.,  p.  288.  a-Naphthylxanthy!  is  charac¬ 
terized  by  ultradissociation  in  naphthalene  at  79°.  Mol.  wt.  of  the 
monomeric  form:  calc.  307,  found  283  (see  Walden,  loc.  cit .  p.  301); 
m.p.  175-177°.  Peroxide,  m.p.  228-230°  (decomp.).  9-Phenyl- 
pheno-/3-naphthoxanthyl  (III),  m.p.  212-214°,  is  distinguished  from 
the  above  by  the  emerald-green  color  of  its  solutions.  Peroxide, 
m.p.  229°  (dec.). 


(Ill) 


(IV) 


9-Phenylthioxanthyl  (IV),  is  brownish  red  in  the  solid  form  and 
in  solution.  Degree  of  dissociation  in  benzene  at  5.5°  about  14%. 
Peroxide,  m.p.  187-188°  ( Schlenk ,  Ann.  394,  190;  cf.  Gomberg,  Am. 
43,  1940). 

2,2/-Sulfonidotrlphenylmethyl  (V),  a  bright  yellow  crystalline 
substance  melting  at  about  180°  (dec.).  Its  solution  is  orange-red. 
Peroxide,  m.p.  238-239°  (dec.)  (Gomberg,  Am.  43,  1945). 


/C6H4x  /C6H5 
C6IL5N<  >C< 
XML/  \ 


(VI) 


*  Numbering  according  to  Beilstein’ s  “Handbuch.” 
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Diarylacridyls.  Chloro-substitution  products  of  9-phenyl-N- 
phenylacridyl  (VI),  have  been  obtained  in  large  numbers  in  solution, 
and  have  been  separated  in  the  form  of  their  peroxides  or  iodides 
( Gomberg ,  Am.  48,  1345). 


2.  Analogues  of  Trityl  with  Heterocyclic  Substituents  on  the  Central 
i  Atom 

While  in  the  above  heterocyclic  closed-ring  triarylmethyls,  the  central  carbon 
atom  is  itself  a  member  of  a  hetero-ring,  analogous  trityls  can  be  imagined  in 
which  heterocyclic  radicals  (in  place  of  the  benzene  rings)  are  linked  with  the 
central  atom.  Aspelund  (Acta  Acad.Aboensis  Math.Phys.  6,  No.  12)  has  en¬ 
deavored  to  obtain  such  compounds,  by  introducing  the  following  heterocyclic 
ring  systems  into  diphenylmethyl  (or  tetraplienylethane) :  1,3,4-oxadiazole, 
1,3,4-thiadiazole,  1,3,4-triazole,  and  1,2,4,5-tetrazine.  The  compounds  ob¬ 
tained  were  usually  very  unstable,  and  could  be  obtained,  as  a  rule,  only  in  the 
form  of  their  peroxides  or  hydroquinone  ethers.  Only  one  oxadiazole  derivative 
was  obtained  in  the  solid  form,  viz.,  6fs-(biphenylene)-6fs-(phenyloxadiazole)- 
ethane : 


m.p.  227°  (with  red  coloration  and  dec.).  The  benzene  solution  of  the  com¬ 
pound  turned  slightly  red  on  warming,  and  a  deeper  red  in  bromobenzene.  The 
coloration  disappeared  on  cooling,  and  reappeared  on  warming.  Although  this  is 
apparently  a  case  of  radical  formation,  the  boiling  solutions  do  not  react  with 
oxygen  or  iodine. 


3.  Trityls  with  Unsaturated  Substituents 

(C=C,  C=C,  0=0,  C=N,  conjugated  to  the  central  atom.) 

TRITYLS  WITH  OLEFINIC  SUBSTITUENTS.  The  existence 
of  this  group  of  radicals  indicates  that  the  unsaturated  nature  of  the 
attached  group  increases  the  tendency  toward  dissociation  of  the 
carbon  atom  combined  with  it.  Ziegler  has  studied  this  class  of  com¬ 
pounds  in  detail.  The  possibility  of  valence  tautomerism  makes  it 
difficult  to  assign  a  definite  formula  to  them  (for  an  attempted  ex¬ 
planation  on  the  basis  of  polycentricity  see  Lowenbein,  Ann.  487,  97). 

C6H5x  xCH=C(C6H5)2 

1,1,3,3-Tetraphenylallyl,  yCy  ,  is  a  grass- 

CAl/ 

green  crystalline  powder.  Degree  of  dissociation  in  benzene  at 
5.5°  about  80%.  Peroxide  (crude  product),  m.p.  146°  ( Ziegler ,  Ann. 
434,  50,  77).  Methoxylated  tetraphenylallyls :  l,l-dianisyl-3,3- 
diphenylallyl  and  l,l-(o,p,p'-trimethoxydiphenyl)-3,3-diphenylallyl, 
are  completely  monomolecular  in  boiling  benzene  ( Ziegler ,  Ann.  434, 
50,  72,  74). 

/C6H4x  /CH=C(C6H6)2 

9- (0, /3-Diphenyl  vinyl) -xanthyl,  Oy  bCy  ,  or 

>C6H/  \ 

bi-[9-(/3,/3-diphenylvinyl)-xanthyl],  is  a  closed-ring  tetraphenylallyl. 
The  radical  behaves  very  much  like  triphenylmethyl,  so  that  the  link¬ 
ing  of  two  phenyl  groups  by  oxygen  has  the  reverse  effect  on  the  tend¬ 
ency  towards  association  of  tetraphenylallyl  than  it  has  on  that  of 
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triphenylmethyl.  The  dixanthyl  is  a  colorless,  crystalline  powder 
(m.p.  144-145°)  which  dissolves  in  benzene  with  a  yellow  color.  The 
degree  of  dissociation  in  naphthalene  at  79°  is  about  58%.  The  per¬ 
oxide  decomposes  at  149-150°  ( Ziegler ,  Ann.  434,  46,  65). 

1,2,3-Triphenylindenyl  (I),  exists  only  in  solution,  which  is  colored 
orange-red.  The  peroxide  decomposes  at  about  155°  {Kohler,  Am. 
Chem.J.  40,  217).  The  compound  may  be  regarded  as  a  1,1,2,3-tetra- 
phenylallyl,  in  which  the  diphenyl  vinyl  radical  is  linked  with  an 
aromatic  nucleus. 


C6H6 

V 


(I) 


V' 


cc6h5 
-cc6h5 


c6h3 

C< 

4  xCC6H5 


CCeHs 


or 


C6H5 

4  ^CC6H6  (II) 


v/\6/j 


cc6h6 


Chromenyls  (and  his- chromenyls),  examined  by  Lowenhein  (Ann. 
448,  223)  and  Ziegler  (Ann.  448,  249;  473,  172;  504,  189),  can  be 
derived  from  the  indenyls  (see  above)  by  inserting  an  oxygen  atom 
into  the  five-membered  ring.  Two  tautomeric  formulas  can  be  writ¬ 
ten  for  these  radicals,  in  which  they  are  regarded  as  either  4-chro- 
menyls  or  2-chromenyls.  The  chromenyls  are  colorless  in  the  solid 
(dimeric)  form,  but  are  green  in  solution  (in  many  solvents,  yellow: 
Ziegler ,  Ann.  473,  177). 

2,3,4-Triphenylchromenyl  (II),  and  2,3-diphenyl-4-(a:-naphthyl)- 
chromenyl.  Degree  of  dissociation  in  naphthalene  at  79°  about 
45%  and  65%  (in  1%  solution),  respectively.  Dissociation  con¬ 
stants  in  naphthalene,  0.0051  and  0.0162,  respectively.  Peroxides, 
m.p.  152°  and  171°,  respectively.  2,3-Diphenyl-4-benzylchro- 
menyl  (m.p.  160°,  dec.)  breaks  down  at  high  temperatures  ( e.g ., 
in  naphthalene  at  79°;  Ziegler,  Ann.  448,  233).  2,3-Diphenyl-4- 
anisyl-6-methylchromenyl,  as  well  as  2,4-diphenylchromenyls  (and 
his- chromenyls)  methylated  in  the  6-position,  and  having  the  following 
groups  in  the  3-position:  H,  CH3,  C2H5,  C3H7,  tso-C3H7,  CeH5,  CH2- 
C6H5,  have  also  been  prepared. 

Pentaphenylcyclopentadienyl  (III),  is  a  crystalline  substance  with 
a  strong  violet  color,  forming  a  very  deep  bluish  red  solution,  m.p. 
260°.  Degree  of  dissociation  in  benzene  at  5.5°,  100%.  The  extraor¬ 
dinary  tendency  towards  dissociation  of  the  central  atom  is  obvi¬ 
ously  caused  by  the  two  olefinic  groups,  linked  to  each  other.  Since 
the  pentaphenylcyclopentadienol,  corresponding  to  the  radical,  is 
only  slightly  basic,  it  follows  that  the  “widely  accepted  view  that  the 
basic  character  of  the  carbinol  and  the  tendency  to  dissociation  of  the 
corresponding  ethane  are  parallel,”  is  wrong  {Ziegler,  Ann.  445,  266). 

C6H6.  /  C6H5x  / 
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Dihydropyridyls  can  be  derived  from  cyclopentadienylenes  by 
introduction  of  an  imino  group.  The  best  known  is  N-methyl- 
2,4,6-triphenyldihydropyridyl  (IV).  So  far  it  has  only  been  ob¬ 
tained  in  solution,  the  deep  violet  color  of  which  indicates  considerable 
dissociation  ( Ziegler ,  Ber.  59,  242). 

TRITYL  ANALOGUES  WITH  A  PHENYLACETYLENE  RADI¬ 
CAL.  l,3,3,4,4,6-Hexaphenylhexadiine,[C6H5 — C^C — C(C6H5)2]2, 
sym-diphenylethinyltetraphenylethane,  m.p.  174-175°,  with  a  red 
coloration.  Rather  surprisingly,  this  hydrocarbon  shows  only  a  slight 
tendency  toward  dissociation.  Its  solutions  are  colorless  at  100°,  but 
at  higher  temperatures  become  colored  strongly  orange-red  (on  cooling 
the  reverse  change  slowly  takes  place).  Degree  of  dissociation  in 
camphor  ( Rast ),  about  3%.  It  is  stable  toward  oxygen  (Wieland, 
Ann.  470,  205). 

TRITYL  ANALOGUES  WITH  BENZOYL  GROUPS.  Not  only 
unsaturated  hydrocarbon  radicals,  but  also  other  substituents  with 
reactive  multiple  bonds,  can  decrease  the  associative  powers  of  a 
central  carbon  atom.  Goldschmidt  (Ber.  61, 829)  showed  that  mono- 
aryldibenzoylmethyl,  (C6H5)2BrC — (p-C6H4) — C(COC6H5)2,  existed  as 
a  radical  in  its  brownish  red  solution.  The  substance  is  obtained  by 
the  action  of  copper  powder  on  diphenyldibenzoylxylylene  bromide, 
(C6H5)2BrC— C6H4— CBr(COC6H5)2.  The  highly  dissociated  com¬ 
pound  adds  on  bromine,  the  starting  material  being  re-formed.  It  is 
decolorized  by  nitric  oxide,  but  is  not  attacked  by  oxygen. 

PUMMERER'S  DEHYDROPHENOLS.  These  compounds  may  be  regarded 
as  radicals  with  trivalent  carbon  (a-ketomethyls)  or  as  radicals  with  monovalent 
oxygen  (aroxyls).  It  is  very  probable,  however,  that  both  forms  exist  together 
in  tautomeric  equilibrium,  the  aroxyl  form  predominating  (Ber.  61,  1102).  Re¬ 
garded  as  radicals  with  trivalent  carbon,  the  compounds  are  related  to  those  de¬ 
scribed  above.  Since,  however,  in  their  chemical  properties,  their  aroxyl  nature 
stands  out  most  prominently,  it  has  been  considered  better  to  deal  with  them  under 
radicals  with  monovalent  oxygen. 


TRITYL  ANALOGUES  FROM  ARYLATED  SUCCINIC  ACID 
DERIVATIVES.  The  following  diphenyl-6fs-coumaranone: 


C6I-I5 


C6H5 


C - r— C 

C=0  i  0=G 


contains  carbonyl  groups,  linked  as  in  lactones.  It  is  also  known  as 
2,2'-dihydroxytetraphenylsuccinic  his- lactone.  Some  substitution 
products  of  this  fo's-lactone  break  down  into  blue  to  bluish  violet 
radicals  in  boiling  toluene.  The  5,5 '-dimethyl  derivative  of  the  above 
compound  has  been  investigated  the  most  carefully  (m.p.  200-203° 
with  bluish  coloration).  Degree  of  dissociation  in  toluene  at  110°, 
about  20%  (in  1%  solution).  Dissociation  constant  in  toluene, 
0.00109.  The  radicals  are  slightly  affected  by  oxygen.  Nitric  oxide 
has  no  action  ( Lowenbein ,  Ber.  58,  601). 

Tetraphenylsuccinodinitrile  behaves  in  a  similar  way.  It  dis- 
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sociates  at  140°  into  orange  colored  radicals  ( Lowenbein ,  Ber.  58,  606; 
Wittig,  Ber.  65,  760;  Ann.  513,  26). 


If.  Other  Trityl  Analogues 


PENTAARYLETHYLS.  These  radicals  can  be  regarded  as 
trityldiarylmethyls  They  show  that  the  trityl  radical  in  its  capac¬ 
ity  as  an  unsaturated  substance  affects  the  association  of  the  central 
carbon  atom.  The  investigation  of  these  theoretically  very  impor¬ 
tant  radicals  is  due  to  Schlenk  and  Mark  (Ber.  55,  2285,  2299). 
Pentaphenylethyl  is  known  only  in  the  monomolecular  form.  Since 
the  dissociation  of  the  dimer  of  this  compound  is  in  contradiction 
to  the  Thiele-W erner  principle  (p.  389),  its  investigation  led  the  dis¬ 
coverers  to  propose  new  views  on  the  nature  of  the  carbon  bond 
(Ann.  437,  208;  487,97). 

Pentaphenylethyl,  (C6H5)2C — C(C6H5)3,  forms  golden  yellow 
crystals  with  a  weak  metallic  luster.  Degree  of  dissociation  in  ben¬ 
zene  at  5.5°,  about  100%.  Pentaphenylethyl  is  prepared  by  method 
5  (p.  394)  from  octaphenylpropane  or  decaphenylbutane.  The 
hydrocarbons  produced  then  dissociate  with  formation  of  penta¬ 
phenylethyl  : 


.Cl  NaC(C6H5)3  /C(C6H5)8 

(C6H6)2C<  +  =2  NaCl  +  (C6H5)2C<4 

XC1  NaC(C6H5)3  XC(C6H6)3 

(C6H5)3CC1  NaC(C6H6)2  (C6H6)3C— C(C6H6)2 

+  |  =2  NaCl  +  -  -  |  - 

(C6H5)3CC1  NaC(C6H5)2  (C6H6)3C— C(C6H5)2 

Methods  10  to  13  for  the  triarylmethyls  have  been  used  more  recently  for  the 
preparation  of  pentaarylethyls  {Ziegler,  Ann.  511,  104). 

Pentaphenylethyl  behaves  in  an  exactly  similar  manner  to  tri- 
phenylmethyl  (addition  of  oxygen,  chlorine,  and  sodium,  not  affected 
by  water).  Pentaphenylethyl  chloride  is  very  readily  hydrolyzed 
and  breaks  down,  even  at  35°,  into  the  radical  and  chlorine  (cf.  the 
behavior  of  triphenylmethyl  iodide).  The  radical  can  also  be  ob¬ 
tained  from  the  chloride  by  the  action  of  copper-bronze. 

c6h4x 

l-Biphenylene-2-triphenylethyl-(l),  |  ;>C — C(C6H5)3,  pre- 

C6H/  * 

pared  from  fluorenone  chloride  and  triphenylmethyl  sodium,  forms 
violet  crystals  which  give  a  dark  red  solution.  Degree  of  dissociation 
in  benzene  at  5.5°,  about  100%.  It  is  noteworthy  that  the  increase 
in  tendency  to  association  produced  in  biphenylenephenylmethyl  by 
the  biphenylene  radical,  is  not  reproduced  in  biphenylenetriphenyl- 
ethyl. 

DIARYLALKYLMETHYLS  (and  TETR  AAR  YLD I  ALKYL- 
ETHANES).  Diphenyl-terJ-butylmethyl,  (C6H5)2C — C(CH3)3,  m.p. 
138-141°.  Solutions  of  this  hydrocarbon  are  only  slightly  colored, 
but  on  warming  to  50°  they  become  lemon  yellow.  On  cooling 
the  color  fades  again.  Although  the  solutions  are  very  sensitive  to 
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oxygen,  the  powerful  effect  of  the  triphenylmethyl  radical  on  the 
dissociation  of  the  central  carbon  atom  in  pentaphenylethyl,  is  not 
reproduced  by  its  aliphatic  analogue  (the  tert-huty\  radical)  ( Conant , 
Am.  50,  2041).  Di-p-xenyl-ter£-butylmethyl,  (CeHs-CeH^C — 
C(CH3)3,  a  bright  orange  crystalline  substance,  m.p.  136-137°,  gives 
orange-red  solutions  even  at  ordinary  temperature.  Degree  of  dis¬ 
sociation  in  benzene  at  5.5°,  about  70%.  Comparison  with  the  be¬ 
havior  of  the  foregoing  compound  shows  clearly  the  effect  of  the 
xenyl  groups  on  dissociation  (Conant,. Am.  55,  2098). 

The  radicals  (C6H5)2C — CH3  and  (CeHs^C — C2H6  are  only 
known  in  the  dimeric  forms,  as  colorless  crystalline  substances,  and 
are  therefore  to  be  called  tetraphenyldialkylethanes  ( Ziegler ,  Ann. 
437,  227).  1,1,2,2-Tetraphenyldimethylethane  (=  2,2,3,3-tetra- 
phenylbutane),  m.p.  126-127°,  is  completely  stable  toward  air  and 
halogens  at  room  temperature.  The  ethane  binding  can  however 
be  split  by  potassium,  and  at  higher  temperatures  it  dissolves  with 
disproportionation  into  1,1-diphenylethane  and  1,1-diphenylethyl- 
ene.  Tetraphenyldiethylethane  (  =  3,3,4,4-tetraphenylhexane), 
m.p.  85-86°,  shows  a  similar  decomposition  in  benzene  solution,  even 
at  5°,  proceeding  at  a  measurable  velocity,  and  attempts  to  make 
tetraphenyldibenzylethane  have  failed,  presumably  on  account  of  the 
even  increased  tendency  to  disproportionate  in  this  manner. 

syra-Diphenyltetrabenzylethane,  m.p.  126-127°,  is  a  colorless 
hydrocarbon,  which  shows  no  tendency  to  dissociation  or  dispro¬ 
portionation  even  at  high  temperatures.  It  follows  that  the  effect 
of  benzyl  groups  on  the  dissociation  tendency  of  an  ethane  is  very 
small  ( Ziegler ,  Ann.  437,  235). 

CLOSED  RING  DIARYLALKYLMETHYLS  (and  DIMERS). 

/CeH^K  [9]  /R 

XANTHYLS  and  DIXANTHYLS,  0<^  \c/ 

C6H4  j2 

pounds  of  the  above  formula  (R  =  non-aromatic  radical)  in  contrast 
to  the  already  described  substances  alkylated  in  the  9-position,  show 
a  small  tendency  to  dissociation.  Conant  and  his  co-workers  (Am. 
51,  1925,  and  earlier  papers)  have  prepared  a  large  number  of  these 
dixanthyls,  and  have  examined  their  solutions  on  heating  (occurrence 
of  color)  and  the  action  of  oxygen  on  them.  If  the  substituent  (R)  is 
linked  to  the  central  carbon  atom  by  primary  carbon,  the  dixanthyls 
are  colorless,  crystalline  substances,  the  solutions  only  becoming 
colored  at  high  temperatures  ( e.g .,  for  R  =  CH3,  at  160°).  If,  how¬ 
ever,  the  substituent  (R)  is  linked  to  the  central  carbon  atom  by 
secondary  carbon,  the  dixanthyls  are  yellow  powders,  whose  solutions 
are  cherry  red  in  color  even  at  ordinary  temperature.  In  contrast  to 
dixanthyl  itself  (R  =  H)  the  compounds  are  generally  affected  by 
oxygen  (the  absorption  velocity  corresponding  to  degree  of  dissocia¬ 
tion)  .  The  following  dixanthyls  with  a  primarily  linked  carbon  atom 
have  been  investigated:  R  =  CH3 — ,  CH3CH2 — ,  (CH3)(CH2)3 — , 
(CH3)(CH2)5— ,  (CH3)2CHCH2— ,  (CH3)2CH(CH2)2— ,  C6H5CH2— , 
(CbH5)  (CII2)2 — ,  C6H5(CH2)3— ,  P-C1C6H4CH2— ,  a-CioH7CH2— .  The 
following  with  a  secondarily  linked  carbon  atom  have  been  investi¬ 
gated:  R  =  (CH3)2CH — ,  (CH3)(C2H5)CH — ,  and  cyclohexyl.  Other 
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examples  of  dixanthyls  (R  =  — COOH  and  — COOCH3)  ( Conant , 
Am.  47,  572,  3068;  48,1743;  49,2080). 

PENTA-  and  TETRAARYLETHANES.  Pentaphenylethane, 
(C6H5)3C — CH(C6H5)2,  m.p.  179°,  is  colorless  both  in  the  solid  state 
and  in  solution.  It  is  split  at  the  ethane  linkage  by  potassium.  On 
boiling  in  solvents  of  high  boiling  point  it  dissociates  according  to  the 
equation : 

2  (C6H5)3C— CH(C6H5)2  =  2  (C6H5)3C—  +  (C6H5)2HC— CH(C6HS)2 

It  follows  that  lack  of  a  “  third”  aryl  group  on  one  side  does  not 
hinder  dissociation  into  radicals,  but  lack  of  a  “  third”  aryl  group 
on  both  sides  increases  the  tendency  to  dissociation  (for  another 
view  of  the  reaction,  see  Goldschmidt,  Ber.  53,  53).  It  is  to  be  par¬ 
ticularly  noted  that  this  holds  not  only  for  1,1,2,2-tetraphenyl- 
ethane  (b.p.  380°),  but  also  for  1,1,2,2-tetrahiphenylylethane  (m.p. 
276-279°),  which  by  analogy  one  would  expect  to  show  a  tendency  to 
dissociate  ( Schlenk ,  Ber.  43,  3541;  44,  1180;  47,  1760;  see,  on  the 
other  hand,  Schoepfle,  Am.  52,  4021,  where  the  supposed  occurrence 
of  free,  red  benzhydryl.is  reported). 

The  following  results  obtained  by  Paneth  show,  however,  that  it  is 
only  a  question  of  degree. 

5 .  Alkyls 

Literature:  F .  O.  Rice  and  K.  K.  Rice,  The  Aliphatic  Free  Radicals,  Oxford 
University  Press. 

Paneth  and  his  co-workers  have  shown  that  the  radicals  methyl  and 
ethyl  do  exist,  though  they  may  be  short-lived  (Ber.  62,  1335;  64, 
2702,  2708;  Z.Elektrochem.  37,  577;  see  also  Pearson,  Nature  129, 
832) .  According  to  these  authors,  the  higher  alkyls  tend  strongly  to 
decompose  into  the  lower  homologues  (Paneth,  Ber.  64,  2707;  Rice, 
Am.  54,  3529).  On  the  other  hand  when  hexane  and  cyclohexane 
are  submitted  to  the  action  of  cathode  rays,  the  mass  spectrogram 
shows  new  lines  indicating  the  intermediate  formation  of  higher  alkyls 
(Conrad,  Trans. Faraday  Soc.  30,  215).  Rice  (Trans. Faraday  Soc.  30, 
152;  Am.  56,  1311)  has  obtained  the  methyl  and  ethyl  radicals  (but 
not  the  higher  homologues)  by  thermal  decomposition  of  the  most  di¬ 
verse  aliphatic  compounds,  and  has  determined  the  heats  of  activa¬ 
tion  of  the  dissociation  (e.g.,  H3C — CH3 - »  2  — CH3  =  79  kcal.). 

See  Fraser ,  Trans. Faraday  Soc.  30,  182,  and  Bone,  ibid.  30,  148. 

Methyl,  — CH3,  is  obtained,  according  to  Paneth,  by  the  thermal 
decomposition  of  lead  tetramethyl  (or  bismuth -trimethyl)  under 
reduced  pressure,  in  a  stream  of  hydrogen  or  nitrogen: 

heat  „ 

Pb(CH3)4 - >  Pb  +  4  CH3— 

CH3 —  carried  over  with  the  gas  may  be  made  to  dissolve  films  of 
metals  (Pb,  Bi,  Sb,  Zn)  by  the  reverse  reaction.  The  fact  that  the 
power  to  remove  these  metallic  mirrors  decreases  rapidly  with  dis¬ 
tance  from  the  generating  apparatus  shows  the  great  tendency  of 
methyl  to  associate  to  dimethyl.  From  the  time  required  to  remove 
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an  antimony  mirror  by  a  stream  of  hydrogen  containing  methyl  under 
definite  experimental  conditions  the  half-life  of  free  methyl  has  been 
calculated  to  be  10 ~3  sec.  Recently  use  has  been  made  of  the  above- 
described  method  of  obtaining  methyl  for  synthetic  purposes  (Eraser, 
Trans. Faraday  Soc.  30,  182). 

Other  methods  of  formation:  Propane,  butane,  and  acetone  de¬ 
compose  at  800-1000°  with  formation  of  methyl  (Rice,  Am.  54,  3529). 
The  thermal  decomposition  of  azomethane  also  gives  methyl  (Leer- 
makers,  Am.  55,  3499).  The  radical  is  also  formed  by  the  decomposi¬ 
tion  of  methyl  bromide  vapor  with  sodium  vapor  (Polanyi,  Z.physikal. 
Chem.  R23,  291). 

Ethyl,  — CH2 — CH3,  is  obtained  by  the  thermal  decomposition  of 
lead  tetraethyl  (Paneth,  Ber.  64,  2702),  and  by  the  action  of  sodium 
vapor  on  ethyl  bromide  vapor  (Polanyi,  loc.  cit.)  It  is  produced 
together  with  larger  quantities  of  methyl  by  the  thermal  decomposi¬ 
tion  of  propane  and  butane  (Rice,  Am.  54,  3529).  In  its  properties 
it  completely  resembles  the  lower  homologue.  Its  half-life  is  of  the 
same  order. 

For  higher  alkyls,  see  above. 

The  formation  of  free  phenyl  by  the  thermal  decomposition  of  phenylazo- 
triphenylmethane  ( Wieland,  Ber.  55,  1816),  and  of  lead  tetraphenyl  and  other 
metallic  phenyls  ( Shurov ,  Ber.  65,  1507;  Dull,  Am.  55,  3898)  should  also  be 
mentioned.  An  investigation  of  the  thermal  dissociation  of  cyanogen  into  the 
cyanide  radical  has  also  been  carried  out  (Kistiakowsky ,  J.Chem.Phys.  1,  432) 


6.  Diradicals  of  the  Trityl  Type 

These  compounds  are  of  interest  because  of  theoretical  problems : 

1.  Because  of  the  possible  tautomerism  between  the  diradicals 
and  the  quinone-dimethides  (nomenclature,  see  Pummerer,  Ber.  52, 
1392)  (and  analogous  “binding  isomers,”  Ann.  483,  144;  cf. 
Schlenk,  Ber.  52,  8,  and  Muller *) : 


Ar*?-d> 


-CAr2 


(?) 


Ar2C=<^  )>=CAr2 


2.  Because  of  the  possible  effect  of  ring  strain  on  the  formation  of 
such  diradicals  (Wittig  and  co-workers,  Ann.  505,  17,  and  earlier 
papers) : 


/CAr2 

(?)  f 

- > 

^CAr2 


*  N.  22,  335;  Z.Elektrochem.  40,  542;  Ann.  517,  134.  The  author  maintains 
that  '-biphenylene-6fs-(diphenylmethyl) ,  dibenzyl-p,p  '-bis- (diphenyl- 

methyl),  lin -dibenzanthracene,  and  irradiated  rubrene  are  diamagnetic,  which  is 
contrary  to  the  assumed  diradical  formula  (considerable  displacement  of  the 
equilibrium  in  favor  of  the  quinoid  isomers).  ?w,ra'-Biphenylene-5fs-(diphenyl- 
methyl)  is,  on  the  other  hand,  according  to  the  magnetic  method,  6±2%  dis¬ 
sociated  into  tho  diradical  in  9%  benzene  solution  at  74°. 
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BENZENE  DERIVATIVES.  o-Compound,  (C6H5)2C[1]C6H4[2]- 
Q(C6H6)2,  isomerizes  in  the  nascent  state  to  9,9,10-triphenyldihydro- 
anthracene,  m.p.  224-226.5°  (Wittig,  Ber.  64,  2395).  The  m-com- 
pound  (obtained  in  solution)  is  deep  violet,  and  reacts  with  oxy¬ 
gen.  It  is  tetraphenvl-ra-xylylene,  (C6H5)2C[1  ]C6H4[3]C(C6H5)2 
( Schlenk ,  Ber.  48,  661).  The  p-compound,  which  is  orange  in  color 
and  is  not  affected  by  oxygen,  must  be  regarded  as  quinonetetra- 
phenyldimethide,  (C6H6)2C:[1]C6H4[4]  :C(C6H6)2  ( Thiele ,  Ber.  37, 
1463). 

BIPHENYL  DERIVATIVES.  The  o,o'- compound,  (C6H5)2C[o]- 
C6H4.C6H4[o,]C(C6H6)2,  m.p.  339.5-341°,  behaves  like  9,10-tetra- 
phenyldihydrophenanthrene  (I),  of  which  the  constitutional  simi¬ 
larity  to  hexaphenylethane  (II)  is  noteworthy.  The  ethane  linkage 
of  this  substance  (I)  is  easy  to  open,  e.g.,  by  potassium,  but  not  by 
oxygen  (Wittig,  Ann.  505,  17) : 


(I) 


CD  CD  <»> 

\  / 

(C6H5)2C— C(C«H5), 


The  introduction  of  two  methoxy  groups  in  the  two  unoccupied  o- 
positions  of  the  biphenyl  nucleus  of  (I)  does  not  change  the  chemical 
nature  of  the  compound  (m.p.  232°),  although  on  the  basis  of  the 
distorted  position  of  the  biphenylbenzene  nuclei,  radical  dissociation 
would  be  expected.  The  m-compound  corresponding  to  the  first- 
mentioned  compound  is  the  diradical  m,m'-biphenylene-6fs-(di- 
phenylmethyl) ,  or  di-m-trityl,  (C6H5)2C[m]C6H4.(XH4[m' |C(C6H5)2. 
It  is  almost  colorless  (dimeric),  but  dissolves  giving  an  orange-red 
solution.  Degree  of  dissociation  in  benzene  at  5.5°,  about  10%  (in 
3%  solution).  The  compound  is  attacked  by  oxygen  ( Schlenk ,  Ber. 
48,  725).  The  corresponding  p-compound  is  completely  radical  in 
nature.  It  was  the  first  diradical  to  be  discovered  (T schitschibabin, 
Ber.  40,  1810).  p,p/-Biphenylene-5fs-(diphen5dmethyl),  or  di-p- 
trityl,  (OgH^^C  [p  jC6H4  *  C6H4  [p f  ]C (C6H5)2,  is  solid,  and  dissolves 
giving  a  deep  reddish  violet  solution  (see  also  Schlenk,  Ber.  48,  723). 
p,p '-Biphenylene-fri s- (dibiphenylylmethylyl) ,  or  p,p '-xenylene-bf s- 
(dixenylmethyl) ,  (C6H5 •  C6H4)2C  [p]C6II4  •  C6H4 [pf ]C(C6H4  •  C6H5)2,  re¬ 
sembles  the  above  hydrocarbon  closely,  but  forms  a  deep  blue  solution 
(Schlenk,  Ber.  48,  721). 

DIPHENYLMETHANE  DERIVATIVES.  Diphenylmethane- 
p,p'-bis-( diphenylmethyl),  or  p,p/-5fs-(diphenylmethyl)-diphenyl- 
methane,  or  di-p-tritylmethane,  (C6H5)2C  [p]C6H4-CH2-C6H4[p/]C- 
(C6H5)2,  is  almost  completely  colorless  in  the  dimeric  solid  form  but 
dissolves  with  a  fiery  red  color.  Degree  of  dissociation  in  benzene  at 
5.5°,  about  70-80%.  The  compound  is  sensitive  to  light  and  oxygen 
(the  oxidation  product  is  monomolecular)  (Wittig,  Ber.  61,  854). 

1,2-DIPHENYLETHANE  DERIVATIVES.  Dibenzyl-p,pr-&fs- 
(diphenylmeth}d) ,  p,p/-5fs-(diphenylmethyl)-«,(3-diphenylethane,  or 
1 ,2-di-p-tritylylethane,  (C6H5)2C  [p]C6H4  •  CH2  •  CH2  •  C6H4  [p'  ]C- 

(C6H5)2,  forms  deep  bluish  violet  solutions,  resembling  otherwise  the 
above-described  compound.  Dibenzyl-p,p'-5fs-(l-phenylethyl),  CH3- 
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(C6H5) C  [p ]C6H4  •  CH2  •  CH2  •  C6H4  [p ' ]C (C6H5)  (CH3) ,  has  been  ob¬ 
tained  only  in  the  trimeric  form  (colorless  powder,  m.p.  110-115°) 
(Wittig,  Ber.  61,  854). 

1.3- DIPHENYLPROPANE  DERIVATIVES.  l,3-Diphenyl-2,2-dicarbethoxy- 
propane,  p,p'-&fs-(diphenylmethyl),  l,3-di-p-tritylyl-2,2-dicarbethoxypropane: 

(C6H6)2C  [p  ]C6H4  •  CH2  •  C  •  CH*  •  C6H4  [p '  ]C  (C6H5)2 

/\ 

c2h5ooc  cooc2h5 

has  been  obtained  only  in  (bright  brown)  solution  which  is  slowly  decolorized  by 
oxygen  (Wittig.,  Ber.  62,  1405). 

1 .4- DIPHEN YLBUTANE  DERIVATIVE.  1,4-Diphenylbutane- 

p,p'-6ts-(diphenylmethyl),  a, 5-fa’s- [p-(diphenylmethyl)-phenyl]bu- 
tane,  or  1,4-di-p-tritylylbutane,  (CeHs^CIplCft^CC^^Ce^tp'JC- 
(C6H5)2,  dissolves  with  a  yellow  color.  Its  degree  of  dissociation  is 
small  ( Wittig ,  Ber.  62,  1410). 

BUTADIENE  and  BUTANE  DERIVATIVES.  1,1,4,4-Tetraphenylbutadi- 

ene-1,3,  (C6H5)2C:CH.CH:C(C6H5)2,  is  colorless,  m.p.  201°,  and  is  obtained 
directly  from  the  nascent  diradical  (C6H5)2C  •  CH : CH  •  C(C6H5)2.  The  diradical, 
(C6H5)2C-CH2-CH2*C(C6H5)2,  decomposes  immediately  in  the  nascent  state 
with  formation  of  two  moles  of  asym -diphenylethylene,  but  can  be  obtained  by  the 
action  of  oxygen  in  the  form  of  the  crystalline,  cyclic  peroxide,  3,3,6,6-tetra- 
phenyldioxane-1,2,  m.p.  171-180°  ( Wittig ,  Ber.  61,  1627). 

It  is  possible  that  the  compound  originally  regarded  as  tetra- 
phenylcyclobutanedione-1,2,  which  is  obtained  by  the  thermal  de¬ 
composition  of  benzilic  acid,  and  which  forms  deep  red  crytals,  m.p. 
168°  (Ber.  61,  941)  is  really  the  ring-opened  diradical  oxalyl-Zus- 
(diphenylmethyl) ,  (CeHs^C-CO-CO-C^eH^  ( Langenbeck ,  Ber.  62, 
962). 

Diradicals  of  the  Trityl  Type  as  Tautomeric  Unsaturated  Compowids 

Dixanthylene,  dichromylene.  For  the  explanation  of  the  thermo- 
chromic  properties  of  certain  closed-ring  tetraarylethylenes  and 
similar  compounds,  the  tautomeric  equilibrium: 

:C=C:  r  :C— C: 


is  assumed  ( Schonberg ,  Ber.  64,  2323),  e.g.,  for  dixanthylene. 


<CeII4v  /CeII4\ 

>C=C<  >0  ? 

C6h/  \n„TT./ 


'C6H4' 


,C6H4x  /C6H4x 
(X  >C— C<  >0 

i  i  xc6h/ 


C6H4' 


ANTHRACENE  DERIVATIVES.  In  the  same  way,  the  unusual 

properties  of  many  anthracene  derivatives  may  be  traced  to  the 
equilibrium : 

:  C=C — C=C:  v  — -1  :C— C=C— C: 


This  holds,  for  example,  in  the  case  of  9, 10-diphenyl  anthracene 
(Ingold,  J.  1926,  3080). 
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C6H, 

I 

A 


\ACA/ 


C6Hb 


c6h5 

\  / 

/V°V\ 


V\c/V 

/  \ 

c6h5 


Particular  interest  attaches  to  the  analogous  behavior  of  the  blue 
Zin-dibenzanthracene,  since  in  this  case  a  hydrogen  atom  would  be 
attached  directly  to  a  trivalent  carbon  atom  which  has  not  been  pre¬ 
viously  observed  ( Clar ,  Ber.  63,  2967). 


H 

I 


i^YY  YY^ 
vA/\cA/\/ 


H 


H 


aaAaAi 


W\c/W 

/  \ 

H 


For  analogous  behavior  (the  “diyl-state”)  in  the  case  of  other  aro¬ 
matic  hydrocarbons,  see  Clar,  Ber.  66,  202,  and  earlier  papers. 

Rubrene  (=  l,l',3,3'-tetraphenylrubrene;  see Dufraisse,  Ber.  67, 
1021;  Schonberg,  Ber.  68,  162;  Vol.  Ill,  p.  602).  This  orange  hydro¬ 
carbon  possesses  the  remarkable  property  of  combining  with  oxygen 
in  the  light  giving  a  colorless  peroxide,  which,  on  warming,  splits  off 
the  oxygen  again,  and  is  converted  back  into  rubrene  with  emission 
of  light.  The  behavior  of  rubrene  towards  oxygen  is  to  be  ascribed 
to  tautomerism  between  a  conjugated  system  of  five  ethylene  linkages 
with  a  diradical  form  ( Schonberg ,  Ber.  67,  1404;  Dufraisse,  Ber  67, 
2018;  Schonberg,  Ber.  68,  162). 


C6H5 


c6h6 


/Yc\  /vs 

C=C 

\Ar/  \/\K 


! 

c6h5 


o 
I 

c6h6 


c6h5 


c6h5 

L 


c— c 

\  / 


c6h5 


c6h6 


(b)  Other  Types  of  Compounds  with  Trivalent  Carbon 

We  shall  here  deal  with  those  compounds  of  which  the  trivalent 
carbon  atom  is  not  only  linked  with  other  carbon  atoms,  but  often  is 
attached  to  other  groups  which  are  connected  to  it  by  means  of  a 
hetero-atom.  The  most  important  class  of  these  compounds  is  that 
of  the  metal  ketyls. 

1.  Metal  Ketyls  ( Ar2C — O — K  and  Analogues) 

The  metal  ketyls  were  regarded  by  Schlenk  as  compounds  contain¬ 
ing  trivalent  carbon,  although  Beckmann ,  their  discoverer,  and  Acree 
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had  before  him  investigated  these  substances,  which  are  very  difficult 
to  work  with  ( Erlenmeyer ,  Ann.  266,  1;  Acree,  Am.Chem.J.  29,  588; 
Schlenk,  Ber.  44,  1182;  46,  2840;  47,  486;  Ann.  464,  22). 

For  the  supposed  occurrence  of  a  radical  of  the  type  R2C — OH,  see  Ber.  65, 
1625.  | 

METHODS  OF  FORMATION.  1.  The  simplest  method  of 
preparing  the  metal  ketyls  depends  on  the  action  of  metals  (K,  Na, 
Li)  on  the  diaryl  ketones  (in  indifferent  solvents  under  nitrogen: 
Schlenk,  Ber.  46,  2843;  Schlubach,  Ber.  48,  12): 

Ar2C=0  +  K  ,  Ar2C — 0 — K 

Diaryl  ketones  are  also  attacked  by  magnesium  +  magnesium  iodide,  and  by 
Be  +  Bel2,  and  by  magnesium  amalgam.  In  the  first  case  iodomagnesium 
ketyls  are  first  formed  (presumably  with  intermediate  formation  of  Mgl),  and 
this  is  accompanied  by  the  formation  of  an  intense  color.  The  dimers  of  these 
ketyls  give  pinacones  by  hydrolysis  ( Schlenk ,  Ber.  46,  2847;  Gomberg,  Am.  49, 
236,2584;  51,2229): 

Ar2C— O— Mgl  Ar2C— O— Mgl  2  h2o  Ar2C— OH 

v  — I  - >  I 

Ar2C— O— Mgl  Ar2C— O— Mgl  Ar2C— OH 

8.  Another  method  which  is  particularly  suitable  for  the  prepara¬ 
tion  of  insoluble  metal  ketyls  ( e.g .,  dimethylpyrone  potassium)  con¬ 
sists  in  the  reaction  between  the  ketone  concerned,  and  phenyl  bi- 
phenylyl  ketone  potassium,  which  is  readily  soluble  in  ether  ( Schlenk , 
Ber.  46,  2846) : 


C6H5v  yO— K 

X 


c6h5-c6h4 

(soluble) 


/CHs 
,CH=C< 

+  0=C<  >0 


VCH=C 


(soluble) 


ch3 


c6h6 


c6h5  •  CeHv 

(soluble) 


c=o  + 


K — Ov  /CH=C/ 

>c<  >0 


CH=C 

(insoluble) 


CHa 


CH3 


8.  Metal  ketyls  are  formed  from  aromatic  pinacones  by  the  action 
of  sodium  amalgam,  hydrogen  being  evolved  ( Schlenk ,  Ber.  44,  1184) : 


(C6H5)2C — OH  +2  (Na-Hg)  -h2  (C6H5)2C— ONa 
(C6H5)2C — OH  (C6II5)2C— ONa 


(C6H5)2C— ONa 
(C6H6)2C— ONa 


4.  Another  very  similar  method  depends  on  the  reaction  of  aro¬ 
matic  pinacones  with  (alcoholic)  sodium  alcoholates.  Alcohol  is  a 
by-product  ( Schlenk ,  Ber.  46,  2841) : 

Ar2C — OH  RO — Na  -2ROH  Ar2C — ONa  Ar2C — ONa 

j_  _ >  | 

Ar2C — OH  '  RO— Na  Ar2C— ONa  Ar2C— ONa 
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TECHNIQUE.  The  preparation  of  the  metal  ketyls  (and  other  very  reactive 
radicals)  can  be  carried  out  by  a  process  devised  by  Schlenk  (Ber.  46,  2843) ,  which 
will  be  quoted  here  from  the  original  paper  ( cf .  Ziegler ,  Ann.  437,  242) : 

“Air,  moisture,  and  carbon  dioxide  must  be  rigidly  excluded  in  the  preparation 
of  the  metal  ketyls.  The  work  was  therefore  carried  out  in  a  current  of  nitrogen, 
which  in  order  to  purify  it,  was  first  passed  over  a  long  layer  of  soda-lime.  It  was 
then  freed  from  the  last  traces  of  oxygen  by  passing  it  over  reduced  copper  in  a 
strongly  heated  quartz  tube,  and  was  finally  completely  dried  by  passing  through 
a  large  drying  apparatus  containing  sulfuric  acid  and  phosphorus  pentoxide. 
Since  rubber  tubing  gives  up  moisture  to  a  dried  current  of  gas,  it  is  necessary  to 
pass  the  gas  through  drying  tubes  recently  filled  with  phosphorus  pentoxide. 

“The  preparation  of  a  metal  ketyl,  e.g.,  phenyl  biphenylyl  ketone  potassium,  is 
carried  out  as  follows.  In  a  glass  vessel  (Fig.  1,  p.  418),  with  a  volume  of 
about  150  cc.,  is  placed  about  1  g.  of  pure,  well-dried,  phenyl  biphenylyl  ketone, 
and  about  120  cc.  of  ether  freshly  dried  with  sodium.  The  air  is  completely  re¬ 
placed  by  nitrogen  which  enters  at  a.  When  this  is  the  case,  about  1  g.  of  potas¬ 
sium  is  added  through  b,  the  metal  having  been  cut  into  thin  pieces  under  dry 
benzene.  The  liquid  immediately  begins  to  assume  a  dark  green  color.  Tube  b 
is  now  drawn  off  to  a  capillary  in  the  blowpipe,  a  continuous  current  of  nitrogen 
being  maintained  through  a.  The  nitrogen  stream  is  then  turned  off  by  pinching 
the  rubber  tube  with  the  fingers  at  a,  and  b  is  sealed  off.  The  tubing  is  then  dis¬ 
connected  at  a,  and  this  capillary  is  sealed. 

“The  vessel  A  is  then  strongly  shaken  for  4  to  5  hours  in  a  shaking  machine. 
It  can  then  be  assumed  that  all  the  ketone  will  have  been  converted  into  the  potas¬ 
sium  compound. 

‘  ‘The  solution  must  now  be  filtered ,  and  this  is  accomplished  in  the  following  way . 
Capillary  b  is  scratched  with  a  file,  and  the  tubing  connected  to  the  nitrogen 
apparatus  is  pushed  over  the  tube  so  that  it  grips  the  neck  of  vessel  A  firmly. 
With  the  nitrogen  current  connected,  the  capillary  is  broken  inside  the  rubber 
tubing  by  slight  pressure.  Tube  a  is  then  broken  near  the  capillary.  Nitrogen 
then  circulates  through  A  from  b  to  a,  and  no  air  has  been  admitted. 

“Vessel  A  is  now  connected  with  a  filtering  apparatus,  C,  as  shown  in  Fig.  2. 
This  consists  of  an  ordinary  adaptor  with  a  Soxhlet  thimble,  c.  This  filter  can 
be  folded  from  ordinary  filter  paper  by  wrapping  it  round  a  test  tube,  and  must 
be  specially  dried  before  use.  This  is  best  carried  out  by  connecting  apparatus  C 
and  the  filter  paper  in  position  to  a  filter  pump,  and  warming  the  tube  with  a 
Bunsen  burner  until  the  paper  just  begins  to  turn  yellow. 

“When  the  nitrogen  has  been  passing  through  the  apparatus  sufficiently  long 
to  have  removed  all  the  air  from  it,  the  apparatus  is  tilted  so  that  the  liquid  from 
A  filters  into  B.  A  convenient  piece  of  apparatus  for  doing  this  is  shown  in  Fig.  3. 

When  the  liquid  has  filtered  into  B,  a  second  current  of  nitrogen  (obtained  by 
connecting  a  T-piece  to  the  drying  apparatus)  is  passed  in  at  e,  and  A  and  C  are 
removed.  Tube  B  is  then  sealed  in  the  same  way  as  described  for  A . 

“In  this  way,  a  fairly  concentrated,  stable  solution  of  phenyl  biphenylyl  ketone 
potassium  is  obtained.  If  it  is  desired  to  isolate  the  metal  ketyl  in  the  solid  state, 
the  procedure  is  as  above,  except  that  2  g.  of  ketone  and  2  g.  of  potassium  are 
used  with  the  same  quantity  of  ether,  and  the  vessel  is  shaken  for  one  hour  only. 
A  supersaturated  solution  of  the  metal  ketyl  is  thus  obtained,  which,  after  filtering 
into  vessel  B,  will  usually  crystallize  in  the  course  of  a  few  days. 

“The  isolation  and  drying  of  the  various  substances  is  carried  out  in  the  same 
way  as  for  the  triarylmethyls  ( Schlenk ,  Weickel,  Ann.  372,  1).  A  slight  change 
in  the  filtering  apparatus  is  necessary,  and  the  apparatus  is  shown  in  Fig.  4. 

“It  consists  of  two  small  glass  bell  jars,  G  and  Gi,  which  fit  over  each  other, 
and  between  which  is  a  porcelain  filter  plate  and  a  filter  paper.  A  rubber  ring 
holds  the  two  parts  together.  The  method  of  using  the  apparatus  is  obvious 
from  the  diagram.  The  side  tube,  H,  is  filled  with  nitrogen  and  prevents  air  from 
reaching  the  under  side  of  the  filter  paper  during  the  filtration  (i.e.,  when  no 
nitrogen  can  actually  circulate  through  the  apparatus) . 

“The  use  of  two  rubber  balls,  as  shown  in  the  figure,  is  also  very  convenient. 
It  is  possible  in  this  way  to  press  the  mother  liquor  out  of  the  precipitate  on  the 
filter  without  allowing  the  entry  of  air,  as  would  occur  if  a  filter  pump  were  used. 

“In  general,  the  isolation  and  drying  of  the  substance  is  carried  out  as  for  the 
triarylmethyls.” 


Figure  4 
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PROPERTIES.  The  metal  ketyls  are  highly  colored  compounds. 
Their  color  changes  considerably  according  to  the  type  of  ketone 
from  which  they  are  derived.  The  effect  of  the  metal  on  the  color 
has  not  been  investigated,  but  it  does  have  an  effect  on  the  solubility. 
For  the  formation  of  ketyls  only  those  ketones  which  do  not  enolize 
can  be  used,  and  the  carbonyl  group  must  be  linked  with  aromatic  or 
unsaturated  groups.  The  metal  ketyls  exist  in  equilibrium  with  the 
pinacolates  (c/.  methods  of  formation  3  and  4)  •  They  are  usually  not 
sufficiently  soluble  for  the  determination  of  degree  of  dissociation. 
According  to  ebullioscopic  determinations  ( Schlenk ,  Ber.  46,  2840), 
phenyl  biphenylyl  ketone  potassium  is  practically  monomolecular  in 
ether  solution  (cf.  on  the  other  hand,  Doescher,  Am.  56,  2011;  and 
Bachmann ,  Am.  55,  1179,  2827;  Sugden,  Trans. Faraday  Soc.  30,  18). 
Beer’s  law  appears  to  be  inaccurate  for  solutions  of  iodomagnesium 
ketyls  and  iodomagnesium  pinacolates  ( Gomberg ,  Am.  51,  2229). 

Metal  ketyls  with  anomalous  formulds.  Many  ketones,  e.g .,  chro- 
mone  and  xanthone,  form  anomalously  constituted  ketyls,  in  which 
there  is  only  one  atom  of  potassium  and  two  molecules  of  the  ketone 
(Schlenk,  Ber.  46,  2848).  They  can  be  regarded  as  quinhydrone-like 
molecular  compounds  between  the  ketyl  and  the  ketone,  or  according 
to  Pfeiffer  (Org.Molekiilverb.,  1st  ed.,  p.  66)  as  compounds  in  which 
one  potassium  atom  is  linked  with  two  ketone  molecules  by  subsidiary 
valencies  (Ar2C=0.  .  .K.  .  .  0=CAr2).  Many  diketones  behave  in  a 
similar  way,  taking  up  only  one  atom  of  potassium,  which  is  linked  to 
two  carbonyl  groups.  According  to  Pfeiffer  (Ber.  56,  929)  such  com¬ 
pounds  can  also  be  represented  by  a  quinhydrone  type  of  formula 
( Staudinger ,  Helv.  5,  703).  For  the  view  that  the  bluish  violet  to 
blue  barium  and  alkali  metal  salts  of  alloxantins,  hydrindantin,  and 
isatide  are  metal  ketyls,  see  Hantzsch,  Ber.  54,  1267;  a  somewhat 
modified  view  of  the  constitution  of  these  compounds  is  given  by 
Weitz,  Z.Elektrochem.  34,  543. 

Tautomerism  of  the  diketyls.  Schlenk  assumed,  as  far  back  as  1911 
(Ber.  44,  1189),  that  a  diketyl  form  existed  in  equilibrium  with  the 
normal  form,  and  this  formed  the  basis  of  the  idea  of  tautomerism  for 
the  explanation  of  the  experimental  facts.  More  recently  benzil  di¬ 
potassium  has  been  formulated  as  an  enediolate  (Staudinger ,  Helv.  5, 
703),  and  the  analogous  iodomagnesium  compounds  have  been  as¬ 
sumed  to  exist  in  the  forms  of  enediolate  and  diradical  in  tautomeric 
equilibrium  (Gomberg,  Am.  51,  2238). 

CHEMICAL  PROPERTIES.  The  metal  ketyls  are  even  more 
reactive  than  the  triarylmethyls.  Like  the  latter,  they  are  acted 
upon  by  oxygen,  but  differ  in  the  fact  that  they  are  also  acted  on  by 
water  and  carbon  dioxide.  In  this  respect  they  resemble  the  alkali 
alkyls  and  the  Grignard  reagents.  The  halogen  magnesium  ketyls 
particularly  resemble  the  latter. 

Various  reagents  remove  the  metal  atom  of  the  ketyl,  and  the  ketone 
is  re-formed: 

1 .  Oxygen  reacts  in  this  way  with  the  metal  ketyls : 

2  Ar2C — ONa  +  02  v  ~±  2  Ar2C=0  +  Na202 

It  is  possible  that  very  unstable  intermediate  products  are  formed  in  this  reac- 
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tion  as  is  the  case  with  the  triarylmethyl  peroxides.  In  the  dry  state  many  metal 
ketyls  are  pyrophoric  when  exposed  to  air. 

2.  Iodine  reacts  in  a  similar  way  with  the  metal  ketyls : 

2  Ar2C — ONa  +  I2  ,,  ■  2Ar2C=0  +  2  Nal 

(, Schlenk ,  Ber.  44,  1184). 

It  is  possible  that  in  this  reaction  the  first  step  is  the  addition  of  iodine  to  the 
trivalent  carbon  atom,  followed  by  the  splitting  off  of  sodium  iodide. 

3.  Triphenylmethyl  chloride  reacts  like  the  halogens  on  the 
metal  ketyls,  both  the  alkali  halide  and  triphenylmethyl  being  also 
formed  ( Schlenk ,  Ber.  46,  2854) : 

Ar2C— OK  +  Cl— CAr3  ;=±  Ar2C=0  +  KC1  +  — CAr3 

4-  Phenylthiocyanate  removes  the  metal  atom  from  ketyls 
(Schlenk,  Ann.  464,  25) : 

Ar2C— ONa  S=C=N— Ar  Ar2C=0  S=C — N  (Na) — Ar 

+  ;  ■  - ^  + 

Ar2C— ONa  S=C=N— Ar  Ar2C=0  S=C — N  (Na) — Ar 


5.  Water  may  react  initially  with  the  metal  ketyls  in  the  same 
way  as  with  metal  alkyls,  i.e.,  replacing  the  metal  atom  by  an  atom 
of  hydrogen.  The  alcohol  thus  formed  contains  trivalent  carbon 
and  is  very  unstable,  and  splits  up  immediately  into  the  diaryl  ketone 
and  the  diarylmethanol.  Pinacones  can  also  be  produced,  when  the 
aryl  groups  attached  to  the  trivalent  carbon  atom  of  the  alcohol  do 
not  suppress  its  powers  of  association  altogether  ( Schlenk ,  Ber.  44, 
1187): 


Ar2C— OK 

+ 

Ar2C— OK 


HOH 

HOH 


Ar2C=0 

Ar2CHOH 


Ar2C— OH 


Ar2C— OH 

I 

Ar2C— OH 


6.  Sodium  and  potassium  add  on  to  the  trivalent  carbon  fairly 
vigorously  (as  in  the  case  of  the  triarylmethyls)  ( Schlenk ,  Ber.  47, 
486) : 

Ar2G — ONa  +  Na  v  Ar2C— ONa 

I 

Na 

For  the  anomalous  action  of  sodium  on  2,3-diphenylindone  sodium  (only  formed 
ntermediately) ,  see  Schlenk ,  Ann.  464,  22. 

The  alkylammonium  radicals  dissolved  in  liquid  ammonia,  react  in  a  similar 
way  to  the  alkali  metals.  See  also  p.  427. 

7.  Methyl  iodide  converts  the  ketyls  into  the  original  ketones. 
If  water  is  present  diarylmethylmethanols  are  also  obtained.  The  re- 
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action  begins,  very  likely,  with  addition  to  the  trivalent  carbon  atom. 
The  probable  course  of  the  reaction  is  shown  in  the  following  scheme 
(. Schlenk ,  Ber.  44,  1187): 

Ar2(NaO)C —  I  Ar2(NaO)C — I  - >  Ar2C=0  +  Nal 

Ar2(NaO)C —  CH3  "  Ar2(NaO)C— CH3  H2°  >  Ar2(HO)C— CH3 

8.  Carbon  dioxide  reacts  in  the  first  place  on  metal  ketyls  in  the 
same  way  as  it  does  on  phenolates  in  Kolbe’s  reaction,  forming  an 
ester  salt  of  carbonic  acid,  which  leads  to  association  at  the  trivalent 
carbon  atom.  By  the  subsequent  action  of  water  the  primary  prod¬ 
uct  decomposes  and  the  original  ketone,  a  salt  of  a  diarylglycolic  acid, 
and  a  bicarbonate  are  formed  ( Schlenk ,  Ber.  47,  489) : 

* 

Ar2C— OK  C02  Ar2C— O— COOK  .  n,0  Ar2C=0  +  KNCO 

+  r  - -  I  - 

Ar2C— OK  C02  Ar2C— O— COOK  Ar2C(OH)COOK 

9.  Mercury  does  not  act  on  the  metal  ketyls  {Schlenk,  Ann.  464, 
25). 

The  colors  and  compositions  of  the  typical  and  well-known  metal 
ketyls  are  shown  in  the  accompanying  table. 


Metal  Ketyls 


Na  or  K  compound  of 

Ratio  of 

CO  groups  :  metal  atoms 

Color 

Diphenyl  ketone1  , 

1:1 

Dark  blue 

Phenyl  biphenylyl  ketone2 

1:1 

Bluish  green 

Dibiphenylyl  ketone2 

1:1 

Yellowish  green 

Phenyl  a-naphthyl  ketone3 

1:1 

Green 

/3-Benzpinacoline4 

1:1 

Deep  red 

a,  a  '-Dimethyl-  y-pyrone 4 

1:1 

Scarlet 

Chromone4 

2:1 

Orange-red 

Xanthone4 

2:1 

Deep  blue 

O-Methylisatin4 

1:1 

Deep  violet 

N-Methylisatin4 

2:1 

Deep  blue 

Phthalophenone4 

1:1 

Dark  red 

m-Dibenzoyl  benzene4 

2:1 

Dark  red 

p-Dibenzoylbenzene4 

2:2 

Deep  red 

Benzil  (  +  1  K)4 

2:1 

Violet-red 

Benzil  (+  2  K)6 

2:2 

Deep  red 

Furil4 

2:1 

Blue-black 

Phenanthraquinone4 

2:1 

Dark  brown 

1  Beckmann,  Ann.  266,  6;  Schlenk,  Ber.  47,  486.  2  Schlenk,  Ber.  47,  486. 

3  Beckmann,  Ann.  266,  10.  4  Schlenk,  Ber.  46,  2848-2851.  6  Staudinger,  Helv. 

5,  703. 


For  the  action  of  potassium  on  p-quinone,  o-quinone,  and  diphenylketene,  see 
Schlenk,  Ber.  46,  2851. 

Analogous  compounds  are  obtained  from  ketones  and  tetraalkylammonium 
radicals  (see  p.  428). 

2.  Diphenylphenoxy methyl 

This  radical,  which  bears  the  same  relation  to  the  metal  ketyls  as 
an  ether  to  an  alcoholate,  is  formed,  according  to  Wieland  (Ber.  44, 
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2550),  intermediately  in  the  transformation  of  triphenylmethyl 
peroxide  to  the  diphenyl  ether  of  benzpinacone  (in  boiling  xylene). 
The  reaction  probably  takes  place  as  follows : 

Ar3C — O  Ar3C — O —  Ar2C(OAr)  Ar2C(OAr) 

I  - »  - »  v  I 

Ar3C — O  Ar3C — O —  Ar2C(OAr)  Ar2C(OAr) 

The  reaction  is  accompanied  by  the  development  of  an  orange-red  color,  which 
can  be  observed  when  diphenylbenzpinacone  is  heated  alone  or  in  solution  (m.p. 
215°  under  C02) .  Benzene  solutions  of  the  ether  mentioned  are  acted  upon  by 
bromine  and  atmospheric  oxygen,  particularly  when  warmed. 


8.  2 ,2' -Diphenylthioindigo  White 


This  compound,  according  to  Kalb  and  Bayer  (Ber.  46,  3881),  de¬ 
composes  on  heating  in  high-boiling  solvents  into  two  equal  parts  con¬ 
taining  a  trivalent  carbon  atom,  which,  in  addition  to  the  phenyl 
group,  also  carries  a  mercapto  and  a  benzoyl  radical  (with  a  common 
benzene  nucleus). 


/  \ 

CO 

oc 

/  \ 

CO 

oc 

/  \ 

1 

,c 

1 

G 

ik 

x - 

1 

.c- 

+  A  , 

'S' 


c6h5 


I  S' 

c6h5 


c6h5 


c6h6 


2,2/-Diphenylthioindigo  white  deepens  in  color  when  heated  in  solution,  from 
pale  yellow  to  emerald  green,  the  reverse  change  taking  place  on  cooling.  The 
color  of  the  solution  also  intensifies  on  dilution,  contrary  to  Beer’s  law.  At 
higher  temperatures  the  dissolved  compound  is  acted  upon  by  bromine  and  oxy¬ 
gen  (when  passed  through  the  solution) . 

J+.  Wurster’s  Dye 

This  compound  possibly  contains  trivalent  carbon  (p.  392) ;  for  another  view, 
see  p.  425. 


II.  RADICALS  WITH  DI-  AND  MONOVALENT 

CARBON 

Among  the  compounds  of  divalent  carbon,  carbon  monoxide  and 

its  derivatives,  the  isonitriles  and  fulminates,  have  been  known  for  a 

ii  ii  ii  i 

long  time.  They  were  regarded  as  C=0,  C=N — R,  C=N — 0 — Me. 
In  more  recent  times,  however,  doubts  have  been  expressed  about  the 
Validity  of  these  formulas.  Thus,  Huckel  (Theor.Grundlagen  org. 
Chem.,  2nd  ed.,  Vol.  I,  p.  109)  states  the  view  that  in  carbon  monoxide 
the  usual  conception  of  valence  does  not  apply.  On  the  other  hand 
formulas  have  been  proposed  for  these  compounds,  and  experimentally 
confirmed,  in  which,  in  place  of  the  double  bond,  three  covalences 
and  an  electro  valence  are  substituted  ( Lindemann ,  Ber.  63,  1650) : 

—  +  —  +  -  -+■  i 

C=0,  CssN — R,  C=N — 0 — Me.  It  is  clear  that  these  compounds 
do  not  behave  like  radicals.  The  readiness  with  which  addition  takes 
place  at  the  carbon  atom  does  not  agree  with  the  formally  possible 
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formulation  with  tetravalent  carbon:  C=0,  C=N — R,  C— N — 

i 

O — Me.  This  latter  view,  also,  does  not  agree  with  the  existence  of 
diethoxymethylene,  C(OC2H5)2,  which  has  been  described  by  Schei- 
bler ,  but  the  existence  of  which  is  doubted  on  several  grounds  ( Hilckel , 
op.  cit.  Vol.  I,  p.  111).  Schlenk  and  Bergmann  (Ann.  463,  228)  have 
obtained  an  addition  product  from  tetraphenylallene  and  sodium, 

which  they  write  with  divalent  carbon,  (C6H5)2NaC— C — CNa(C6H5)2, 
because  of  its  reactions.  The  preparation  of  :CH2  by  the  decomposi¬ 
tion  of  methane  at  a  red-hot  platinum  wire,  described  by  Belchetz 
(Trans.Faraday  Soc.  30,  170)  should  also  be  mentioned,  though  it 
does  not  agree  with  the  experiments  of  Rice  on  the  thermal  decomposi¬ 
tion  of  methane  to  -CH3  +  H  (see  Fraser ,  Trans.Faraday  Soc.  30, 
182).  According  to  Fujio  (Bull. Chem. Soc. Japan,  5,  249)  and  also 
Willey  (Trans.Faraday  Soc.  30,  230)  the  compound  ;CH,  a  radical 
with  monovalent  carbon,  is  obtained  by  the  action  of  the  electric  dis¬ 
charge  on  methane. 


III.  RADICALS  OF  OTHER  ELEMENTS 
OF  THE  FOURTH  VERTICAL  SERIES 
OF  THE  PERIODIC  SYSTEM 

(a)  Silicon 

The  stability  of  hexaphenylsilicoethane  (colorless,  m.p.  about 
354°)  in  boiling  xylene  toward  oxygen  (passed  through)  shows  that 
the  “total  valence  of  the  silicon  atom  is  greater  than  that  of  the  car¬ 
bon  atom”  ( Schlenk ,  Ber.  44, 1178).  The  reactions  of  the  unsaturated 
silicon-hydrocarbon,  Si4(C6H5)8  (colorless,  m.p.  about  335°)  ( Kipping , 
J.  125,  2590,  2598),  make  it  probable,  however,  that  silicon  can  exist 
in  the  trivalent  form.  The  diiodide  of  this  compound  reacts  with 
ethylmagnesium  bromide  giving  octaphenyldiethylsilicotetrane,  ac¬ 
cording  to  the  following  scheme: 

Ar  Ar  Ar  Ar  Ar  Ar  Ar  Ar 

II  I  1*  I  I  I  I 

—Si— Si— Si— Si—  - >  I— Si— Si— Si— Si— I  - > 

I  I  I  I  till 

Ar  Ar  Ar  Ar  Ar  Ar  Ar  Ar 

Ar  Ar  Ar  Ar 

I  I  I  I 

C2H5— Si— Si— Si— Si— C2H, 

I  I  I  I 

Ar  Ar  Ar  Ar 

(b)  Tin 

A  number  of  contradictory  statements  have  been  made  about  the 
dissociation  of  hexaalkyldistannanes,  R3Sn-SnR3,  (colorless  liquids, 
or  low  melting  solids)  ( Graebe ,  Ann.suppl.  8,  64;  Ann.  364,  51; 
Gruttner,  Ber.  50,  1808;  Krause,  Am.  47,  2361).  According  to  the 
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last-mentioned  work,  hexamethyldistannane  is  dissociated  in  ben¬ 
zene  at  80.5°,  in  concentrated  solutions.  The  properties  of  hexa- 
aryldistannanes  (colorless,  crystalline  substances)  are  similar 
( Krause ,  Ber.  53,  173;  Bdeseken,  Rec.  42,  1017).  For  an  explana¬ 
tion  of  this  see  Walden,  Chem.der  fr.Rad.,  pp.  250,  341.  The  capac¬ 
ity  of  these  compounds  to  pass  into  the  tin  trialkyls  and  tin  tri¬ 
aryls,  compounds  with  tri valent  tin,  has  been  definitely  proved. 
The  dissociation  of  hexacyclohexjddistannane  has  been  proved 
( Krause ,  Ber.  57,  532).  It  is  noteworthy  that  the  tin  diaryls  (but 
not  the  tin  dialkyls)  are  colored  (orange-yellow  powders).  See  also 
Vol.  Ill,  p.  172. 


(c)  Lead 

The  (yellow)  compounds  of  lead  with  three  aromatic,  alicyclic,  or 
aliphatic  radicals  occur  in  sufficiently  dilute  solution  in  benzene  in  the 
monomolecular  state  ( Krause ,  Ber.  55,  888;  Midgley,  Am.  45,  1821). 
It  should  be  noted  that  lead  diaryls  (intensely  red)  readily  pass  into 
lead  triaryls  when  gently  warmed  with  excess  of  aryl  magnesium 
bromides.  The  ready  transformation  of  triphenyl  lead  into  tetra- 
phenyl  lead  on  heating,  according  to  the  equation: 

4  (C6H5)3Pb  =  3  (C6H6)4Pb  +  Pb 

takes  place  with  greater  difficulty  with  tri-p-tolyl  lead,  and  does  not 
occur  at  all  for  tri-o-tolyl  and  tri-p-xylyl  lead.  See  also  V ol.  Ill,  p.  173‘ 


IV.  ORGANIC  RADICALS  WITH  TETRAVALENT 

NITROGEN 

Piloty’s  porphyrexide  (Ber.  34,  1884,  2354;  36,  1283),  of  which  the 
constitution  is  not  yet  definitely  known,  appears  to  be  the  first 
organic  radical  of  tetravalent  nitrogen  to  be  discovered.  The  chem¬ 
istry  of  the  organic  compounds  of  tetravalent  nitrogen  was,  how¬ 
ever,  started  by  Wieland  (Ber.  47,  2111)  by  his  discovery  of  diaryl- 
nitric  oxides,  Ar2N:0.  The  analogy  between  the  equilibria: 

2  Ar3C  •  - - i  Ar3C — CAr3  and  2  -N02  ;=±  02N— N02 

led  to  the  investigation  of  organic  derivatives  of  nitrogen  dioxide 
( Wieland ,  Ber.  42,  3029).  A  compound  which  is  formulated  as  a  di- 
arylaminoaryl-nitric  oxide,  (Ar2N — )(Ar — )N=0,  is  probably  related, 
constitutionally,  to  the  diarylnitric  oxides  ( Goldschmidt ,  Ber.  55,  633). 
An  analogous  compound  to  the  diarylnitric  oxides  is  also  formed  by 
dehydrogenation  of  the  condensation  product  of  /3-phenylhydroxyl- 
amine  and  acetone.  It  is  given  the  formula  ( Banfield, ,  J.  1926,  1612) : 

(CH3)2C— CH2— C— ch3 
C6H5— N=0  0=N — CeHs 

Another  class  of  organic  compounds  with  tetravalent  nitrogen 
comprises  the  tetraalkylammonium  radicals,  so  far  only  obtained  in 
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solution  or  as  amalgams.  These  have  been  investigated  chiefly  by 
Schlubach  (Ber.  54,  2811).  The  dipyridinium  radicals,  investigated 
by  Weitz  (Ber.  57, 153),  are  closely  related  to  these  substances,  being 
diradicals  of  the  ammonium  type.  Possibly  the  subhalides  (Ber. 

59,  432)  and  Wurster’s  dye,  [R2N==C6H4===NR2]Br  (or  formulated 
according  to  Weitz,  Z.Elektrochem.  34,  542)  also  belong  to  this  class. 
The  aminium  and  hydrazinium  salts,  discovered  by  Weitz  (Ber.  59, 
2307;  60,  1203),  should  also  be  mentioned. 

(a)  Diarylnitric  Oxides,  Diarylnitroxides 

The  deep-red,  crystalline  diarylnitric  oxides  resemble  in  many  re¬ 
spects  nitrogen  dioxide,  from  which  they  may  be  supposed  to  be  de¬ 
rived  by  the  replacement  of  an  oxygen  atom  by  two  aryl  radicals. 
They  differ  from  their  inorganic  analogue,  however,  in  that  they  do 
not  associate  at  low  temperatures,  but  it  may  be  assumed  that  this 
is  only  a  difference  of  degree. 

METHODS  OF  FORMATION.  1.  The  method  which  led  to 
the  discovery  of  the  diarylnitric  oxides  depends  on  the  dehydrogena¬ 
tion  of  diarylhydroxylamines,  which  can  be  obtained  from  the 
nitroso  compounds  of  the  aromatic  series  and  arylmagnesium  hal¬ 
ides  (Wieland,  Ber.  47,  2111;  see  also  Ber.  48,  1117): 

Ar — N=0  +  ArMgBr  r . :  — — -  Ar2N — O — MgBr 
Ar2N — O — MgBr  +  H20  ---  ArN— OH  +  HOMgBr 

2  Ar2N— OH  +  Ag20  ,  2  Ar2N=0  +  H20  +  2  Ag 

2.  In  contrast  to  the  above  oxidation  method,  is  the  method  of 
reducing  suitable  derivatives  of  nitric  acid  (Meyer,  Ber.  52,  1476;  54, 
327).  The  starting  substance  is  the  (not  isolated)  condensation  prod¬ 
uct  (I)  of  nitric  acid  with  a  phenol  ether,  which  reacts  like  a  base 
toward  perchloric  acid.  Apparently  an  oxonium  salt  (II)  is  formed. 
This  perchlorate  can  be  reduced  with  zinc'  dust  to  the  diarylnitric 
oxide: 

2  RO — C6H4 — H  +  0=N02H  -  H20  ,  (p-RO— C6H4)2NOOH  (I) 

(RO — C6H 4) 2N OOH  +  HCIO4  -  H20  ,  +  - 

[RO— C6H4— N(=0)=CeH4=0R]C104  (II) 

[RO — C6H4 — N  (=0)=C6H4=0R]C104  +  V,  Zn  v  '  - 

(p-RO — C6H4)2N=0  +  ^  C104 

PROPERTIES.  The  diarylnitric  oxides  are  highly  colored  com¬ 
pounds.  Diphenylnitric  oxide  forms  crystals  resembling  chromic 
acid,  and  the  fiery  color  of  its  solutions  resembles  that  of  nitrogen 
dioxide  vapor,  but  is  deeper  red.  The  band  spectrum  of  diphenylnitric 
oxide  resembles  that  of  nitrogen  dioxide.  The  effect  which  the  nature 
of  the  aryl  group  attached  to  the  nitrogen  has  on  the  stability  of  the 
diarylnitric  oxide  is  very  remarkable,  as  shown  in  the  following 
table  ( Wieland ,  Ber.  53,  216) : 
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Di-p-tolylnitric  oxide,  can  be  kept  for  about  3  hours. 

Dipheny  Ini  trie  oxide,  can  be  kept  for  about  24  hours. 

p,p '-Dinitrodiphenylnitric  oxide,  can  be  kept  for  about  a  month. 

Dianisylnitric  oxide,  can  be  kept  for  about  a  year. 

The  above  compounds  melt  with  decomp,  at  59-60°,  64°,  109°,  and  150°, 
respectively . 

For  the  determination  of  the  paramagnetic  susceptibility  of  diaryl- 
nitric  oxides,  see  Cambi,  Gazz.  63,  579;  Galavics,  Helv.Physica  Acta, 
6,  555;  Katz ,  Z.Physik,  87,  238. 

CHEMICAL  PROPERTIES.  The  diarylnitric  oxides  are  ex¬ 
ceedingly  reactive  compounds.  Very  probably  the  reagents  first 
attack  the  free  valence  of  the  nitrogen,  and  there  are  subsequently 
further  changes  which  often  lead  to  substances  far  removed  from  the 
starting  material  ( Wieland ,  Ber.  47,  2111;  53,  210).  Their  reactions 
with  other  radicals  are  of  particular  interest : 

1.  Triphenylmethyl  reacts  comparatively  simply  with  bis-(p- 
nitrophenyl)-nitric  oxide,  both  radicals  adding  to  each  other.  The 
triphenylmethyl  adds  on  to  the  oxygen,  since  the  reaction  product 
gives  p,pL(Eaminodiphenylamine  and  triphenylmethanol  on  reduc¬ 
tion: 

(02N— C6H4)2NO  +  •C(C6H6)3  , - (02N— C6H4)2N— O— C(C6H5)3 


In  the  case  of  diphenylnitric  oxide  itself,  the  Tschitschibabin  trans¬ 
formation  (see  p.  399)  comes  into  the  reaction  ( Wieland ,  Ber.  53, 
214). 

2.  Nitric  oxide  reacts  initially  on  diphenylnitric  oxide  as  it  does 
with  its  inorganic  analogue  (NO  +  N02  =  N203).  The  primary  addi¬ 
tion  product,  (C6H5)2N(=0) — N=0,  however,  isomerizes  to  p-nitro- 
diphenylamine,  apparently  through  the  formerly  unobtained  isomer 
diphenylnitramide : 

(C6H6)2N(=0)— N=0  - »  (C6H5)2N— N02 - >  (02N— CelLXCeHdNH 

The  latter  then  undergoes  a  nitrosation  by  reaction  with  the  primary 
addition  product: 

(02N— C6H4)(C6H5)NH  +  (C6H6)2N(=0)—  n=o  - > 

(02N — C6H4)  (C6H5)N — NO  +  (C6H6)2N — OH 


The  chief  product  of  the  reaction  is  p-nitrodiphenyl-nitrosamine. 

3.  Nitrogen  dioxide  reacts  with  diphenylnitric  oxide  with  forma¬ 
tion  of  bfs-(p-nitrophenyl) -nitric  oxide.  The  reaction  appears  to 
take  place  according  to  the  following  scheme: 


(C6H5)2N=0  +  N02->  (C6H5)2N(=0)— N02  —  (02N — C6H4)  CeHfiN — OH 

oxid.  (NO2)  _ 

- >  (02N— C*H4)(C6H6)N=0 

(02N— C<,H4)(C6H5)N=0  +  N02->  (02N— C6H4)(C6H5)N(=0)— no2 


oxid.  (NO2)  _ 

>  (02N — c6h4) 2n — OH - - — ■>  (02N— C6H4)2N=0 


By  various  other  reactions  the  diarylnitric  oxides  give  diarylamines 
(which  are  often  stages  in  further  transformations),  The  majority 
of  reducing  agents  react  in  this  way. 
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I+.  Hydriodic  acid  (acidified  dilute  KI  solution)  reacts  quantita¬ 
tively  with  diphenylnitric  oxide  according  to  the  equation :  . 

(C6H6)2N=0  +  3  HI  ,  (C6H5)2N— H  +  H20  +  31 

5.  Dilute  mineral  acids  cause  catalytic  disproportionation  of 
diphenylnitric  oxide  to  diphenylamine  and  quinoneanil  oxide  (Wie- 
land,  Ber.  53,  215;  see  also  Meyer,  Ber.  54,  328): 

(C6H6)2N=0  +  Ii — C6H4 — N (==0)C6H5  ^=± 

(C6H5)2N — H  +  0=C6H4=N(=0)C6H5 

Diphenylnitric  oxide  undergoes  the  same  decomposition  (in  ether  solution)  very 
often  without  known  cause. 

6.  Concentrated  sulfuric  acid  gives  a  deep  blue  solution  with 
diphenylnitric  oxide. 

7.  Bromine  converts  diphenylnitric  oxide  into  2,4,2 ',4'-tetra- 
bromodiphenylamine  (Wieland,  Ber.  47,  2112;  Meyer,  Ber.  54, 
329). 

8.  Phenylhydrazine  reduces  diarylnitric  oxides  only  to  the  di- 
arylhydroxylamine  stage,  e.g.: 

CeHsNH— NH2 

(p-N02— C6H4)  2N=0 - »  (p-N02— c6h4)  2n— oh 

Diarylnitric  oxides,  other  than  those  described  above,  see  Meyer, 

Ber.  54,  333.  2,6,2',6'-Tetramethyl-4,4/-dimethoxydiphenylnitric 
oxide,  m.p.  163°.  2,2/-Dimethyl-4,6,4',6/-tetramethoxydiphenyl- 
nitric  oxide,  m.p.  175°  (dec.).  2,4,6,2',4',6/-Hexamethoxydiphenyl- 
nitric  oxide,  m.p.  194°  (dec.).  As  distinct  from  diphenylnitric 
oxide,  these  compounds  are  very  stable  and  show  no  band  spectrum 
in  solution. 

(b)  Organic  Substituted  Ammonium  Radicals 

1.  Alkylammonium  Radicals 

Alkylammonium  radicals  have  so  far  only  been  obtained  in  the 
form  of  blue  solutions  in  liquid  ammonia,  or  as  amalgams.  It  is 
only  the  quaternary  alkylammonium  radicals  that  have  any  real 
stability,  in  analogy  with  the  greater  electrolytic  dissociation  of  their 
salts  in  aqueous  solution,  and  the  stability  of  the  alkylated  ammonium 
hydroxides.  The  effect  of  arylation  on  the  stability  of  the  methyls 
should  also  be  mentioned  ( Schlubach ,  Ber.  56,  1892).  Finally,  the 
similarity  between  tritylsodium  and  trityltetramethylammonium  is 
noteworthy  (Ber.  49,  605). 

METHODS  OF  FORMATION.  1.  By  electrolysis  of  alkyl¬ 
ammonium  salts  in  liquid  ammonia  ( Palmaer ,  Z.Elektrochem.  8, 
729),  best  at  —78°  and  using  tetraalkylammonium  iodides  ( Schlu¬ 
bach ,  Ber.  53,  1689;  54,  2811,  where  other  details  of  technique  are 
given) . 

la.  By  electrolysis  of  alkylammonium  salts  using  a  mercury 
cathode,  when  alkylammonium  amalgams  are  obtained.  Alcohol  is 
usually  used  as  a  solvent  (McCoy,  Am.  33,  273;  J.Phys.Chem.  16, 
261). 
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2.  By  acting  on  alkylammonium  halides  with  alkali  metals  in 
liquid  ammonia  ( Schlubach ,  Ber.  54,  2814) : 

N(C2IiB)4Cl  +  K  ,v  ■■■:->-  •N(C2H6)4  +  KC1 

PROPERTIES.  The  blue  solutions  of  tetraalkylammonium 
radicals  in  liquid  ammonia  resemble  in  color  exactly  the  solution  of 
sodium  in  ammonia.  When  cooled  to  —78°,  the  color  of  the  solution 
slowly  fades  after  some  hours,  which  Schlubach  (Ber.  54,  2813) 
ascribes  to  dimerization  of  the  radical,  since  the  decolorized  solution 
gives  the  same  reactions  as  the  blue  solutions.  The  amalgams  of 
tetraalkylammonium  radicals  resemble  very  much  in  appearance 
sodium  amalgam. 

Comparison  of  Addition  Products  of  Tetraethylammonium  and  Alkali 

Metal 

(Ber.  56,  1891) 


1 

Type 

Compound 

With  tetra¬ 
ethylammonium 

With  alkali 
metals 

State 

Benzophenone 

Blue 

Blue 

Solution 

Phenyl  bipheny¬ 
lyl  ketone 

Yellow 

Mono:  yellow  to 
deep  green; 
Di:  deep  blue 

Solution 

\/ 

Q 

II 

O 

DimethylpyrdPe 

Yellow,  solid 
Brick  red 

Brick  red 

Violet  to  deep 
red 

Solid 

Solution 

|3-Benzpinacoline 

Brick  red 

Violet  to  deep 
red 

Solution 

0  0 

Benzil0 

1.  Yellow 

2.  Green 

Violet 

Solid 

II  II 

— c— c— 

Phenanthraqui¬ 

none0 

1.  Yellowish 

brown 

2.  Magenta 

Dark  brown 

Solid 

Anthracene 

Yellowish  green, 
brown  flocks 

Bluish  violet 

Solution 

V' 

Q 

II 

O 

/\ 

Stilbene 

Reddish  brown 

Brownish  violet 

Solid 

Tetraphenyl- 

ethylene 

Reddish  violet, 
solid 

Dark  red 

Solution 

N/ 

a 

II 

3 

1 

Benzalaniline 

Bright  yellow 
Wine  red 

Bright  yellow 

Solution 

— N=N — 

Azobenzene 

Dark  reddish 
brown 

Dark  violet 

Solid 

1 

O 

III 

o 

1 

Tolane0 

1.  Greenish 

black 

2.  Flesh  colored 

Solid 

— C=N 

Tolunitrile 

Dark  brown 

Solid 

°  In  the  action  of  tetraethylammonium  on  benzil,  phenanthraquinone,  and 
tolane,  the  color  stages  1  and  2  occur  one  after  the  other.  The  color  of  the  mono¬ 
alkali  metal  compound  of  phenyl  biphenylyl  ketone  is  not  as  indicated  in  the  above 
table,  which  is  the  original  table,  but  is  bluish  green  (Ber.  47,  486) .  A  sensitive 
test  for  alkylammonium  radicals  depends  on  the  easy  formation  of  an  addition 
product  with  dimethylpyrone. 
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CHEMICAL  PROPERTIES  of  the  radicals  dissolved  in  liquid 
ammonia:  1.  Thermal  decomposition.  Even  at  the  boiling 
point  of  liquid  ammonia  (  —  33.5°)  the  tetraalkylammonium  radicals 
tend  to  break  down : 


2  N(C2H6)4  ;  2  N(C2H6)3  +  (C2H6)2 

2.  Iodine  is  taken  up  by  tetraalkylammonium  radicals  with 
formation  of  the  iodide. 

3.  Oxygen  has  no  action. 

4.  Sulfur  is  taken  up  with  formation  of  sulfides. 

5.  Unsaturated  compounds,  which  are  able  to  add  on  to  alkali 
metals,  also  add  on  to  tetraalkylammonium  radicals  dissolved  in 
liquid  ammonia.  The  adducts  are  in  each  case  very  similar  to  each 
other,  as  the  table  on  o.  423  shows  ( Schlubach ,  Ber.  56,  1891). 

CHEMICAL  PROPERTIES  OF  THE  RADICAL  AMALGAMS. 
Tetramethjdammonium  amalgam  can  be  kept  for  about  a  day  below 
10°.  It  is  more  reactive  than  sodium  amalgam.  The  electrode 
potential  of  tetramethylammonium  amalgam  is  about  0.6  volt  higher 
than  that  of  ammonium  amalgam. 

1.  Copper  and  tin  salt  solutions  are  immediately  reduced  by 
tetramethylammonium  amalgam  to  the  metal. 

2.  Salts  of  sodium,  potassium,  and  ammonium  react  with  tetra¬ 
methylammonium  amalgam  with  formation  of  sodium,  potassium, 
and  ammonium  amalgam,  respectively. 


2.  Dipyridinium  Radicals* 

It  is  possible  to  explain  the  behavior  of  many  N,N'-disubstituted 
dihydro-7,y'-chpyriclyls  on  the  assumption  of  tautomerism.  Whether 
this  is  justified  is  doubtful. 

Hofmann  (Ber.  14,  1503)  obtained  N^N'-dibenzyl-N^N^y'- 
tetrahydro-yjy'-dipyridyl  by  removing  the  halogen  from  N-benzyl- 
pyridinium  chloride  ( Emmert ,  Ber.  52,  1351;  for  another  view,  see 
Weitz,  Ber.  57,  153): 


C6H5— ch2x 

2  >N<f  >H 

CK 


2  Cl 


H 

H 

H 

H 

c6h5- 

-ch2— n<^ 

\ 

H 

_ / 

H 

H  H  H 

— CH2— C6H5 
HH 


This  “leuco-compound”  dissolves  in  hot  alcohol  with  a  yellowish 
brown  color,  and  forms  a  compound  (apparently  with  dehydrogena¬ 
tion  and  disproportionation)  which  Weitz  (Ber.  57,  153)  has  obtained 
in  the  solid  form,  and  regards  as  a  dipyridinium  radical  (in  tautomeric 
equilibrium  with  a  quinoid  isomer) : 

*  The  name  dipyridonium  radicals  later  proposed  for  these  compounds  (Weitz? 
Ber.  59,  2307)  appears  to  be  less  suitable,  since  it  emphasizes  their  relationship 
to  the  pyridones,  and  is  contrary  to  the  almost  universal  name  “pyndinium 
salts.’ * 
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Emmert ,  Ber.  55,  2322;  56,  491,  and  Dimroth,  Ber.  55,  3693,  admit 
only  the  quinoid  formulation  of  this  and  analogous  compounds. 

PROPERTIES.  Dipyridinium  radicals  are  crystalline,  brownish 
red  substances,  which  dissolve  (in  an  atmosphere  of  hydrogen)  in 
organic  solvents  with  a  yellowish  brown  color  (in  the  presence  of 
oxygen  a  deep  blue  oxidation  product  is  formed;  see  further  below). 
The  double  alkylated  radicals  and  dibenzyldipyridinium  (Weitz,  Ber. 
57,  157)  and  the  corresponding  phenylated,  benzoylated  (Weitz,  Ber. 
57,  155,  162),  and  acetylated  compounds  (Dimroth,  Ber.  55,  1223) 
have  so  far  been  investigated.  The  benzoylated  and  acetylated 
compounds,  as  acid  amides,  have  practically  none  of  the  properties 
of  an  ammonium  radical,  and  for  them  the  quinoid  formula  is  to  be 
preferred. 

FORMATION.  1.  By  regulated  oxidation  of  the  “leuco-com- 
pounds,”  e.g .,  by  disproportionation,  oxygen,  or  iodine  (see  above). 

2.  By  reduction  of  the  quaternary  dipyridinium  dihalides  by 
hydrolysis,  or  by  the  action  of  zinc  or  magnesium  in  aqueous  solution : 

I — (R) N =C5H 4 — C5H4=N (R) — I  ~2I->  R— N=C6H4— C5H4=N— R 

The  reduction  can  also  be  brought  about  with  the  leuco-compound 
(Weitz,  Ber.  55,  2874). 

CHEMICAL  PROPERTIES.  1.  The  most  outstanding  prop¬ 
erty  of  these  compounds  is  their  tendency  in  solution  in  the  presence 
of  air  to  pass  into  deep  blue  (when  alkylated  or  benzylated  dipyri¬ 
dinium  radicals  are  used)  or  dark  green  (when  phenylated  com¬ 
pounds  are  used)  oxidation  products.  This  reaction  occurs  so 
quickly  that  for  some  time  it  was  assumed  that  the  dipyridinium 
radicals  were  blue  or  green.  The  same  coloration  is  produced  by 
the  careful  addition  of  iodine,  analogous  compounds  being  obviously 
formed,  which  have  been  obtained  in  the  crystalline  form  (Weitz, 
Ber.  57,  156).  They  have  the  composition  of  1  mole  radical  :1 
atom  iodine.  The  compounds  may  be  regarded  as  “semiradicals”: 

R— N=C5H4— C5H4=N  (R)— I 

or  as  subhalides: 

R — N =C5H  4 — C5H  4=N — R 


(Weitz,  Ber.  59,  432),  or  as  dimeric  quinhydrones  (Emmert,  Ber.  55, 
2322;  56,  491;  57,  1792;  and  Dimroth,  Ber.  55,  3693).  These  sub¬ 
halides  (similar  to  Wurster’s  red)  may  correspond  to  the  products  ob¬ 
tained  by  the  action  of  air  (OH  instead  of  I).  The  further  action  of 
iodine  (air)  converts  the  above-mentioned  intermediate  products  into 
quaternary  dipyridinium  diiodides  (or  dihydroxides). 

2.  Carbon  dioxide,  in  the  presence  of  oxidizing  agents  (nitric 
oxide  or  oxygen),  reacts  with  dibenzyldipyridinium  with  formation 
of  N,N  '-dibenzyl-7,7  '-dipyridinium  bicarbonate,  indicating  the 
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metallic  character  of  the  radical  (Weitz,  Ber.  55,  2864).  It  corre¬ 
sponds  to  a  noble  metal,  since  it  is  displaced  from  its  salts  by  'zinc 
(method  2  of  formation). 

(c)  Arylated  Aminium  and  Hydrazinium  Salts 

1.  Triarylaminium  Salts 

If  in  the  triarylamines,  each  aryl  extracts  more  affinity  from  the 
nitrogen  than  corresponds  to  one  valence  bond,  these  compounds  must 
resemble  ammonium  radicals.  Starting  with  this  idea,  Weitz  (Z. 
angew.Chem.  39,  1193;  Ber.  59,  2307;  60,  545)  has  shown  that  the 
triarylamines  combine  with  acid  radicals  ( e.g .,  C104)  to  give  blue 
“triarylaminium  salts. ”  In  these  salts,  the  cation  is  a  radical,  as  the 
following  comparison  shows: 

[Ar3N]C104  [R3NH]C104 

Aminium  salt  Ammonium  salt 

The  triarylaminium  salts  contain,  from  the  formal  point  of  view, 
tetravalent  nitrogen.  They  correspond  in  their  degree  of  oxidation  to 
the  diaryl  nitrogen  radicals  (with  divalent  nitrogen,  see  p.  433)  to 
which  they  stand,  as  far  as  the  formula  is  concerned,  in  the  same  rela¬ 
tionship  as  the  quaternary  ammonium  salts  to  the  tertiary  amines. 
In  agreement  with  this  view,  the  triarylamines  in  general  do  not  form 
salts  with  acids.  Perchloric  acid  alone  combines  with  triphenylamine 
to  give  a  normal  salt,  [(C6H5)3NH]C104,  which,  however,  is  very 
readily  hydrolyzed  ( Hofmann ,  Ber.  43,  1080). 

For  the  earlier  known  blue  perbromide  of  the  triarylamines  which,  however, 
was  not  regarded  as  an  aminium  salt,  and  to  which  the  formula  [Ar3N]Br(Br)2  is 
now  ascribed,  see  Pummerer,  Ber.  59,  2309. 

METHODS  OF  PREPARATION.  1.  From  the  triarylamines 
and  the  acid  radicals,  triarylaminium  salts  are  obtained.  Thus  tri- 
p-tolylamine  and  chlorine  tetroxide  give  tritolylaminium  perchlo¬ 
rate: 

x  (CH3 — CcH4 — )  3N  +  (C104),  ;  =±  z[(CH3 — C6H4 — )3N]C104 

2.  Triarylamines  (like  noble  metals)  form  salts  with  acids  in  the 
presence  of  an  oxidizing  agent.  Thus,  tri-p-tolylamine,  picric  acid, 
•and  lead  dioxide  give  tri-p-tolylaminium  picrate,  [(CH3 — C6H4)3N]- 
— O— C6H2(N02)3. 

Neither  reaction  can  be  carried  out  with  triphenylamine  because  the  p-H  atom 
is  too  easily  oxidised. 

PROPERTIES.  The  blue  solutions  of  triarylaminium  salts 
show  a  band  spectrum.  Even  quite  dilute  solutions  of  tritolyl¬ 
aminium  perchlorate  in  chloroform  obey  Beer’s  law  accurately,  so 
that  this  compound  and  its  analogues  are  salts  and  not  (dissociating) 
quinhy drones  (Weitz,  Ber.  60,  547). 

CHEMICAL  PROPERTIES.  1.  Reducing  agents  convert  tri¬ 
arylaminium  salts  into  triarylamines,  e.g.: 


[Ar3N]C104  +  HI  - 


Ar3N  +  HC104  +  I 
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2.  Water  readily  hydrolyzes  the  triarylaminium  salts,  although  a 
triarylaminium  hydroxide  has  not  yet  been  obtained.  These 
hydroxides  are  obviously  very  unstable. 

3.  Quaternary  7,7'-dipyridinium  salts  are  precipitated  from 
alcoholic  solutions  of  triarylaminium  perchlorates  in  the  form  of 
their  difficultly  soluble  perchlorate  (this  would  appear  to  be  a  good 
reagent  for  the  CIO4  ion  in  alcoholic  solution).  A  suitable  substance 
for  this  reaction  is  N,N '-dibenzyl-7, 7'-dipyridinium  dichloride 
(Weitz,  Ber.  60,  546).  Cf.  p.  430. 

For  triarylaminium  salts  with  an  amide  group  in  the  p-position,  and  addition 
products  with  antimony  pentachloride,  and  phosphorus  pentachloride,  and  for 
the  ammonium  character  of  the  diarylamines,  see  Weitz,  Ber.  59,  2311;  60,  547, 
549. 

2.  Tetraarylhydrazinium  Salts 

These  compounds,  which  were  also  discovered  by  Weitz  (Ber.  60, 
1203)  resemble  the  triarylaminium  salts  so  closely  that  it  is  only 
necessary  to  mention  a  few  outstanding  points  concerning  them. 

The  tetraarylhydrazinium  salts  bear  the  same  formal  relationship 
to  the  triarylhydrazyls  (p.  439)  as  the  quaternary  ammonium  salts 
do  to  tertiary  amines. 

The  tetraarylhydrazinium  salts  are  violet-colored  compounds, 
whose  solutions  show  a  characteristic  band  spectrum.  The  composi¬ 
tion  of  these  radicals  is  represented  by  the  formula  [Ar2N — NAr2]X. 
A  second  acid  radical  cannot  be  taken  up. 

METHODS  OF  FORMATION.  Tetraarylhydrazinium  salts  are 
obtained  in  the  same  way  as  the  triarylaminium  salts.  The  first 
method  mentioned  above  can,  however,  be  used  with  nonoxidizing 
acids  (e.  g.}  HC1)  on  tetraarylhydrazines.  No  hydrogen  is  evolved 
in  this  case.  The  reaction  is  explained  by  the  fact  that,  in  the  ab¬ 
sence  of  an  oxidizing  agent,  the  tetraarylhydrazine  itself  acts  in  this 
capacity  (in  the  same  way  as  phenylhydrazine  does  in  the  formation  of 
osazones). 

3  Ar2N — NAr2  +  2HC1  ^=±  2[Ar2N— NAr2]Cl  +  2  Ar2NII 

By  the  action  of  triarylaminium  salts  on  tetraarylhydrazines,  tetra¬ 
arylhydrazinium  salts  are  obtained  (from  which  it  follows  that  the 
tetraarylhydrazines  are  relatively  less  noble  “ammonium  radicals’' 
than  the  triarylamines) : 

[Ar3N]X  +  Ar2N — NAr2  v  ±  Ar3N  +  [Ar2N — NAr2]X 

CHEMICAL  PROPERTIES.  Even  very  mild  reducing  agents 
convert  tetraarylhydrazinium  salts  into  tetraarylhydrazines.  The 
tetraarylhydrazinium  salts  are  thus  good  oxidizing  agents.  They 
liberate  iodine  from  potassium  iodide,  even  in  neutral  solution,  and 
the  hydrazine  is  formed: 

[Ar2N — NAr2]X  +  KI  ~  =±  Ar2N — NAr2  +  1  +  KX 

(The  foregoing  equation  shows  that  tetraarylhydrazinium  iodide  does 
not  exist.) 
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V.  ORGANIC  RADICALS  WITH  DIVALENT 

NITROGEN 

* 

The  organic  radicals  of  divalent  nitrogen  so  far  obtained  are  pro¬ 
duced  by  dissociation  of  two  trivalent  nitrogen  atoms  linked  to¬ 
gether,  in  consequence  of  the  effect  of  the  four  groups  attached  to 
these  atoms.  In  the  simplest  case,  these  substituents  are  aromatic 
radicals.  We  then  have  tetraarylhydrazines,  which  dissociate  into 
two  molecules  of  diarylnitrogen:  Ar2N — NAr2  v  2  Ar2N.  To 

these  important  compounds  analogous  to  hexaphenylethane  and 
triphenylmethyl,  discovered  by  Wieland  (Ann.  381,  200),  must  be 
added  compounds  obtained  by  replacing  one  of  the  two  aryls  at¬ 
tached  to  a  nitrogen  atom,  a  diarylamino-group.  The  hexaaryl- 
tetrazanes  and  their  decomposition  products,  the  triarylhydrazyls : 

Ar2N— N  ( Ar) — Ar  (N) — N Ar2  y - 2  Ar2N — NAr 

fall  into  this  class  ( Goldschmidt ,  Ber.  S3,  44).  Finally,  the  little  in¬ 
vestigated  compounds  in  which  the  dissociating  nitrogen  atoms  are 
not  directly  linked  with  carbon,  but  with  two  thioaryl  groups,  must 
be  mentioned.  These  are  the  tetrathioarylhydrazines,  which  break 
down  to  the  dithioaryl  nitrogens  ( Lecher ,  Ber.  58,  423) : 

(ArS)2N— N(SAr)2  ;  2  (ArS)2N 

The  nitroso  compounds,  which  can  be  regarded  as  diradicals  with 
divalent  nitrogen  and  monovalent  oxygen,  are  dealt  with  under  rad¬ 
icals  with  monovalent  oxygen  (p.  451). 

(a)  Diaryl  Nitrogens 

Literature:  Wieland,  Die  Hydrazine,  Enke,  Stuttgart,  1913,  pp.  62-81; 
Ber.  53,  1336,  and  earlier  papers. 

The  tetraarylhydrazines  resemble  the  hexaarylethanes  not  only  in 
their  capacity  to  dissociate,  but  also  in  the  great  effect  exerted  on  the 
properties  of  the  substances  by  the  nature  of  the  substituents.  The 
rather  surprising  fact  has  been  discovered  that  the  same  substituents 
can  exert  an  entirely  different  effect  on  the  dissociation  of  the  two 
types  of  compound.  The  tendency  toward  dissociation  is  smaller  in 
the  case  of  tetraphenylhydrazine  than  for  hexaphenylethane.  If  the 
phenyl  groups  in  tetraphenylhydrazine  are  replaced  by  biphenylyl 
radicals,  or  if  nitro  groups  are  introduced  into  the  phenyl,  in  the  first 
case  there  is  a  weak,  and  in  the  latter  a  strong,  reversal  of  the  tendency 
to  dissociation,  which  is  in  sharp  contrast  to  the  effect  of  these  changes 
on  hexaarylethanes.  On  the  other  hand,  the  tendency  of  the  tetra¬ 
arylhydrazines  to  dissociate  is  increased  by  the  introduction  of  meth- 
oxy  or  dimethylamino  groups  in  the  p-position.  According  to  ex¬ 
periments  so  far  carried  out,  negative  substituents  in  the  benzene 
nucleus  bring  about  a  decrease,  and  positive  substituents  an  increase, 
in  the  tendency  to  dissociate.  The  methyl  group  is  more  effective  in 
the  o-  than  in  the  p-position  ( Wieland ,  Ann.  392,  130).  The  order 
of  aromatic  substituents  in  increasing  order  of  effect  on  the  dissocia- 
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tion  is  as  follows:  p- N02 — C6H4-,  p-C6H5 — C6H4-,  C6H5-,  p- CH3 — 

C6H4.,  0-CH3— C6H4-,  P-CH3O— C6H4-,  p-(CH3)2N— c6h4-. 

METHODS  OF  FORMATION .  1 .  Diarylamines  give  tetraaryl- 
hydrazines  when  oxidized  with  powdered  permanganate  in  acetone 
solution  at  10°,  or  with  lead  dioxide  in  benzene  or  ether.  This  is  the 
most  important  method  ( Wieland ,  Ber.  39,  1500) : 

Ar2NH  +  HNAr2  - >  Ar2N — NAr2 

2.  Tetraphenylhydrazine  was  first  obtained  by  the  action  of  iodine 
on  sodio-diphenylamine  ( Chattaway ,  J.  67,  1090). 

3.  When  diethyl-  and  dibenzyl-N-chloramine  are  acted  upon  by 
copper  they  give  the  disproportionation  products  (see  below)  of  di¬ 
ethyl-  and  dibenzylnitrogen  ( Wieland ,  Ann.  392,  135,  152). 

4.  Thermal  decomposition  of  tetraaryltetrazenes  gives  tetraaryl- 
hydrazines  with  evolution  of  nitrogen  ( Wieland ,  Ber.  41,  3506). 


Ar2N — N=N — NAr2 - >  Ar2N — NAr2  +  N2 


Mixed  aromatic  tetrazenes  give  the  corresponding  hydrazines,  and, 
if  tetraalkyltetrazenes  are  used,  the  intermediate  formation  of  dialkyl- 
nitrogens  can  be  demonstrated  by  their  action  on  nitric  oxide.  (See 
also  p.  435;  Wieland,  Ann.  392,  135), 

5.  The  addition  product  of  diaryl  nitrogens  and  nitric  oxide  (see 
below)  break  down  at  130°  into  their  components.  At  the  high  tem¬ 
perature,  however,  the  radicals  produced  undergo  disproportionation 
( Wieland ,  Ann.  381,  211;  392,  131). 

6.  The  same  holds  for  the  difficultly  obtainable  addition  products 
of  diaryl  nitrogens  and  triarylmethylene  (Wieland,  Ann.  381,  214). 

PROPERTIES.  Diphenylnitrogen  is  emerald  green  in  color, 
while  di-p-tolyl-  and  dibiphenylylnitrogen  are  dark  yellow.  When 
subjected  to  the  action  of  cathode  rays  at  the  temperature  of  liquid 
air,  the  dimer  phosphoresces  with  a  bluish  glow,  which  ceases  as  soon 
as  the  rays  are  switched  off  (Wieland,  Ann.  381,  205).  Dianisyl- 
nitrogen  is  bright  green  in'  benzene  solution,  while  di-(p-dimethyl- 
aminophenyl) -nitrogen  is  yellow  (Wieland,  Ber.  45,  2602;  48,  1078). 
These  radicals  do  not  show  typical  band  spectra.  For  solutions  of 
the  highly  dissociated  tetraarylhydrazines,  Beer’s  law  is  apparently 
inaccurate.  These  radicals  are  very  sensitive  toward  light  and  min- 

eral 

CHEMICAL  PROPERTIES.  1.  Disproportionation.  The  di- 

arylnitrogens  are  distinguished  from  the  triarylmethyls  by  their 
lower  stability.  According  to  Wieland’ s  rule  (Ann.  401,  234)  an 
oxidation-reduction  reaction  takes  place,  as  for  the  hydrogen-con¬ 
taining  radicals,  but  it  is  more  marked  for  the  dialkyl  nitrogens. 
Thus,  by  thermal  decomposition  of  tetraalkyltetrazenes  (cf.  method  of 
formation  4)>  instead  of  obtaining  tetraalkylhydrazines,  secondary 
amines  and  Schiffs  bases  are  formed  (Wieland,  Ann.  392,  129),  e.g.: 


h5c2v 

2  >N- 

h5c/ 


h5c2. 

h5c2- 


NH 


H3C— CHv 
+  >N 

h5c/ 
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Tetraarylhydrazines  give  NjN'-diaryldihydrophenazines  (“pera- 
zines”)  and  secondary  amines  under  the  influence  of  light  (Wieland, 
Ber.  41,  3484;  Ann.  381,  202;  392,  156),  e.g.: 


4  (p-CH3— C6H4)2N - >  2  (p-CH3— C6H4)2NH  + 


ch3 


c6h4ch3 

I 

Ns 


— ch3 


I 

c6h4ch3 


Dilution  favors  the  decomposition.  Evidently  it  is  only  the  free 
radical  that  tends  to  disproportionate  (c/.  the  analogous  behavior  of 
the  triarylmethyls,  p.  399). 

In  addition  to  the  formation  of  perazine  in  the  above  reaction,  indamine  forma¬ 
tion  has  also  been  observed  (Ber.  53,  1317;  see  also  p.  436). 


2.  Transformation  into  o-semidines.  This  transformation  oc¬ 
curs  with  tetraphenylhydrazine  in  boiling  toluene  to  the  extent  of 
about  10%,  in  addition  to  the  decomposition  mentioned  above 
( Wieland ,  Ann.  381,  203). 


C6H5. 

c6h5- 


c6h5 

c6h5 


nhc6h6 

^J— N(C6H6)2 


This  reaction  predominates  in  the  case  of  nascent  di-^-naphthyl- 
nitrogen  ( Wieland ,  Ann.  392,  131).  In  spite  of  its  apparent  similar¬ 
ity,  this  reaction  is  not  connected  with  the  semidine  and  benzidine 
transformations,  but  it  is  essentially  similar  to  the  Tschitschibabin 
transformation  (p.  399). 

3.  Nitric  oxide  combines  with  diaryl  nitrogens  and  their  ana¬ 
logues  to  form  the  comparatively  stable  nitrosamines  (decomposition 
temperature  of  diarylnitrosamines  is  about  130°) : 

Ar2N  •  +  -NO  ,  Ar2N— NO 


This  is  an  important  method  for  fixing  these  unstable  radicals  ( Wie¬ 
land,  Ann.  381,  203;  392,  142).  The  same  is  true  of  the  following 
reaction : 

Jf..  Triphenylmethyl  forms  even  more  stable  addition  products 
with  diaryl  nitrogens  than  does  nitric  oxide  (Wieland,  Ann.  381, 
204;  Ber.  45,  2605): 

Ar2N •  +  -C(CcH6)3  - v-  Ar2N — C(C6H6)3 

5.  Acids  react  with  the  tetraarylhydrazines  very  readily,  causing 
hydrolytic  fission  at  the  N — N  linkage.  Ar2NH  and  HO — NAr2  are 
first  formed.  The  diarylhydroxylamine  then  undergoes  further  re¬ 
actions  (Wieland,  Ann.  381,  200).  By  the  action  of  concentrated 
sulfuric  acid  on  tetraphenylhydrazine,  N,N'-diphenylbenzidine, 
C6H5 — NH — C6H4 — C6H4 — NH — C6H5,  (Wieland,  Ber.  39,  1503)  is 
formed,  together  with  a  reddish-violet  substance,  which  is  apparently 
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a  quinoid  addition  product  of  sulfuric  acid  and  tetraphenylhydrazine 
(Wieland,  Ber.  40,  4263).  The  reddish  violet  color  of  the  solution 
soon  changes,  however,  to  a  deep  blue.  The  blue  compound  is  the 
same  as  that  produced  by  the  action  of  nitric  acid  (and  other  oxidizing 
agents)  on  diphenylamine,  viz.,  pnra-diphenylbiphenoquinonedi- 
imonium  sulfate,  [C6H5 — N==C6H4==C6H4 — NH — C6H5]0 — S03H. 
Its  formation  from  tetraphenylhydrazine  probably  takes  place 
through  diphenylhydroxylamine  (see  above)  ( Wieland ,  Ber.  46,  3304, 
3310).  The  supposition  that  the  blue  color  given  by  diphenylamine 
with  oxidizing  agents  is  due  to  the  intermediate  formation  of  tetra¬ 
phenylhydrazine  seems  to  be  unfounded  ( Wieland ,  Ber.  46,  3296). 

6.  Oxygen  has  no  action  on  the  diary]  nitrogens. 

TETRAARYLHYDRAZINES.  Tetraphenylhydrazine,  colorless, 
m.p.  144°,  dissociation  begins  at  90°  ( Wieland ,  Ber.  39,  1500;  Ann. 
381,  200).  sym-Diphenyldi-p-tolylhydrazine,  m.p.  123°.  Tetra-p- 
tolylhydrazine,  m.p.  136°.  Tetra-o-tolylhydrazine,  m.p.  112°  (not 
sharp) ;  the  yellowish  color  of  its  warm  solution  in  benzene  is  re¬ 
versible  on  cooling  ( Wieland ,  Ann.  392,  130,  176).  Tetrabiphemdyl- 
hydrazine,  m.p.  130°  (turning  brown).  Tetraanisylhydrazine, 
m.p.  90.5°,  is  colorless  in  the  solid  state,  yellowish  green  in  benzene, 
red  in  nitrobenzene,  and  colorless  in  ether.  This  illustrates  the  effect 
of  the  solvent  on  the  dissociation.  Solutions  in  benzene  do  not 
obey  Beer’s  law.  Light  strongly  catalyzes  self-decomposition 
(Wieland,  Ann.  401,  233).  Mono-p-nitrotetraphenylhydrazine,  is 
orange-red,  m.p.  145°.  syra-Di-p-nitrotetraphenylhydrazine,  red 
crystals,  m.p.  168-169°.  Tetra-(p-dimethylamino)-tetraphenyl- 
hydrazine,  m.p.  74-76°  (turning  red),  is  colorless  in  the  solid  state, 
but  gives  a  strong  yellow  solution  in  benzene.  Degree  of  dissocia¬ 
tion  in  benzene  about  10%,  and  in  nitrobenzene  about  21%.  Solu¬ 
tions  in  benzene  do  not  obey  Beer’s  law.  Spontaneous  decomposi¬ 
tion  of  the  compound  gives  rise  to  diarylamine,  perazine,  and  the 
cherry-red  trimethylindamine,  H3C — N=C6H4=N — C6H4—N- 
(CH3)2  (Wieland,  Ber.  53,  1317).  In  contrast  to  the  above  de¬ 
scribed  tetraarylhydrazines,  this  strongly  basic  hydrazine  forms 
colorless,  normal  salts,  with  a  strong  N — N  linking,  with  acids 
(Wieland,  Ber.  48,  1082).  Tetra-(p-dimethylamino)-tetraphenyl- 
hydrazine  is  very  sensitive  to  water  (Wieland,  Ber.  48,  1078).  For 
other  basic  tetraarylhydrazines,  see  Wieland,  Ber.  53,  1313.  sym- 
p,p'-Di(acetylamino)tetraphenylhydrazine,  m.p.  124°,  turning  dark 
on  melting,  does  not  tend  greatly  to  dissociate.  sym-p,p'-Bis- 
(diethylamino)-tetraphenylhydrazine,  m.p.  104°  (turning  dark); 
degree  of  dissociation  similar  to  that  of  tetraanisylhydrazine. 
sym-p,p  '-Dimethoxy-p  ",p ' '  '-bis-  (dimethylamino)  tetraphenylhydra- 
zine,  m.p.  93°  (turning  dark),  is  very  highly  dissociated  and  is  sensi¬ 
tive  to  acids  (Wieland,  Ber.  53,  1315,  1323). 

MIXED  AROMATIC  DITERTIARY  HYDRAZINES  (Wieland, 
Ann.  392,  133;  Ber.  53,  1329).  The  introduction  of  alkyl  groups  in 
place  of  the  aromatic  residue  leads,  in  the  case  of  the  hydrazines,  as 
in  that  of  the  arylated  ethanes,  to  less  dissociation.  sym-Dimethyl- 
diphenylhydrazine  (prepared  according  to  method  4),  b.p.  138° 
(1  mm.)  (partial  decomp.),  is  sensitive  to  acids,  and  reacts  with 
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nitric  oxide  when  heated.  s?/ra-Dieth}ddiphenylhydrazine,  b.p. 
141°  (1  mm.)  (partial  decomp.).  asym-Dimethyldiphenylhydra- 
zine  (prepared  by  methylation  of  as?/m-diphenylhydrazine),  m.p. 
52°,  is  even  less  dissociated  than  the  syra-isomeride.  Cyclic  ana¬ 
logues  of  the  dialkyldiarylhydrazines  (ditertiary  hydrazines  of  the 
quinone  series,  see  W island,  Ber.  53,  1336),  e.g .: 

/(CH2)3\  /(CH2)3\ 

C6H4 - -N — N— - ~C6II4 

are  prepared  according  to  method  1.  The  “  quinoline-hydrazines” 
show  even  less  tendency  to  dissociate  than  the  dialkyldiarylhydra¬ 
zines  (dissociation  and  decomposition  commence  at  213°).  The 
tendency  to  decompose  is  therefore  decreased  by  ring  closure. 
The  compounds  have  no  basic  properties.  Acids  bring  about  the 
same  changes  as  with  the  tetraarylhydrazines.  N,N'-bis-(Tetra- 
hydro[l,2,3,4]quinolyl),  formula,  see  above,  m.p.  141-142°.  N,N'- 

6fs-(Tetrahydro[l,2,3,4]methyl[6]quinolyl),  m.p.  107-108°.  N,N'- 

6fs-(Tetrahydro[l,2,3,4]methoxy[6]quinolyl),  m.p.  117-118°  (turn¬ 
ing  red). 

/c6h4x  \  /  /C6H4\ 

Tetrafluorenylhydrazine,  [  |  >CH  ]  N — N(  CLI<  |  ),  m.p. 

\c6h/  /2  \  XC6H4/ 

243°  (dec.),  is  prepared  by  passing  oxygen  into  molten  9-amino- 
fluorene  at  70°  ( Goldschmidt ,  Ann.  456,  161).  Even  at  ordinary 
temperature  the  compound  shows  a  green  color  due  to  dissociation. 
The  dissociation  increases  in  the  series  of  solvents:  ether,  acetone, 
toluene,  benzene,  pyridine.  There  is  no  dissociation  in  methyl  or 
ethyl  alcohol.  Dissociated  solutions  do  not  obey  Beer’s  law.  Di- 
fluorenylnitrogen  does  not  react  with  nitric  oxide,  though  it  does  with 
nitrogen  dioxide.  The  hydrazine  shows  the  characteristic  sensitivity 
toward  acids. 

TETRABENZYLHYDRAZINE.  Tetraalkylhydrazines  have  so 
far  not  been  prepared  (but  diethylnitrogen,  obtained  as  an  inter¬ 
mediate  product  in  the  decomposition  of  the  tetrazene,  can  be  fixed 
by  nitric  oxide).  Tetrabenzylhydrazine  can,  however,  be  prepared 
(’ Wieland ,  Ber.  53,  1330).  It  is  a  very  stable  compound,  m.p.  139.5°, 
b.p.  about  260°  (32  mm.),  when  the  compound  can  be  partially  dis¬ 
tilled  unchanged.  Tetrabenzylhydrazine  dissolves  in  concentrated 
sulfuric  acid  without  decomposition,  but  simply  forming  a  salt.  If, 
however,  the  substance  is  heated  with  concentrated  sulfuric  acid  to 
a  high  temperature,  the  benzyl  groups  break  away : 

(C6H5— CH2)2  N— N  (CH2— C6H5)2  +  4HC1 

v  4  C6H6 — CH2 — Cl  +  H2N— NH2 

Even  boiling  with  zinc  dust  and  glacial  acetic  acid  for  a  day  does 
nothing  more  than  reduce  tetrabenzylhydrazine. 

DIRADICALS  OF  THE  DIARYLNITROGEN  TYPE.  These 
compounds  provide  particularly  good  examples  of  tautomerism. 
When  NjN'-dimethylbenzidine  is  dehydrogenated,  monomolecular, 
orange-red  N,N'-dimethylbiphenoquinonediimine  ( Wieland ,  Ber. 
55,  1804)  is  formed. 
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CH3NH — C6H4 — C6H4 — NH — CH3  — ^4  CH3— N=C6H4=C6H4=N— CH3 

If  N,N'-diphenylbenzidine  is  submitted  to  dehydrogenation  (with 
permanganate),  a  colorless,  amorphous  compound  is  formed  with  the 
composition  of  a  diimine,  but  of  twice  the  molecular  weight.  This 
substance  is  colored  brown,  reversibly,  in  boiling  xylene  ( Wielcmd ,  Ber. 
55,  1804).  It  is  a  double  hydrazine  which,  on  warming,  dissociates 
into  a  diradical  of  the  diarylnitrogen  type.  The  following  processes 
are  therefore  occurring: 

2  C6H5 — NH — C6H4 — C«H4 — NH — C6H5  -  > 

2  C6H5 — N — C6H4 — C6H4 — N — C6H6 


C6H5 — N — CeIR — C6H4 — N — C6H6 
C6H5 — N — C6H4 — C6H4 — N — CeHs 

As  in  the  case  of  the  quinonedimethides,  these  phenomena  can  be  ex¬ 
plained  from  the  point  of  view  of  tautomerism  as  follows: 

R— N=C6H4=C6TI4=N— R  v  R — N — C6H4 — C6H4 — N — R 

« 

When  R  =  alkyl,  the  equilibrium  is  displaced  toward  the  left;  when 
it  is  an  aryl  group,  it  is  displaced  toward  the  right. 

The  double  radical  can  be  reduced  to  the  diarylbenzidine.  They 
add  on  nitric  oxide,  giving  6ts-nitrosamines.  They  break  down  at 
high  temperatures  in  the  usual  manner,  and  behave  in  general  like 
the  diaryl  nitrogens  (the  addition  of  nitric  oxide  also  occurs,  however, 
with  the  quinonediimines  (Wieland,  Ber.  55,  1806)).  For  the  N,N'- 
diarylbenzidines  so  far  investigated,  the  effect  of  aryl  groups  on  the 
dissociation  increases  in  the  following  order:  p-chlorophenyl,  phenyl, 
p-tolyl,  anisyl.  It  is  noteworthy  that  a  cyclic  analogue  of  N,N'- 
dialkylbenzidine,  the  quinoline  derivative  (“quinobenzidine”) : 

/(CH2)3\  /(CH2)3v 

HN— - ^C6H3— C6H/ - — NH 

does  not  give  a  quinonediimine  on  dehydrogenation,  but  a  hydrazine. 
The  closure  of  the  hydrogenated  ring,  appears,  therefore,  to  hinder 
the  biphenyl  skeleton  from  becoming  quinoid  in  structure  ( Wieland , 
Ber.  55,  1807). 

fos-Diphenyldibiphenylenehydrazine,  formula  above,  shows  a 
blue  fluorescence  in  solution.  6fs-Di-p-tolyldibiphenylenehydra- 
zine,  m.p.  205°  (indefinite).  fos-Di-p-chlorophenyldibiphenylene- 
hydrazine,  m.p.  230°  (indefinite).  feis-Di-p-anisyldibiphenylene- 
hydrazine,  m.p.  200°  (indefinite);  breaks  down  into  radicals  in 
solution  even  at  ordinary  temperature.  The  color  of  the  solution  is 
green  (in  benzene).  Hydrazine  from  “quinobenzidine, n  C72H72N8, 
m.p.  172°  (red  coloration),  is  obtained  by  dehydrogenation  of  the 
above-mentioned  quinoline  derivative,  and  breaks  dowm  into  radicals 
in  boiling  euhyl  benzoate  (b.p.  213°)  ( Wieland ,  Ber.  55,  1807,  1814). 
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(b)  Triarylhydrazyls  and  Analogues 

Literature:  Goldschmidt,  Ber.  53,  44;  55,  616,  628;  Ann.  437,  104;  473,  137. 

Triphenylhydrazyl,  (C6H5)2N — N(C6H5),  bears  the  same  relation¬ 
ship  to  pentaphenylethyl  as  diphenylnitrogen  does  to  triphenyl- 
methyl.  Corresponding  to  this  analogy,  the  triarylhydrazyls  show 
considerably  less  tendency  to  associate  than  the  diarylnitrogens,  and 
also  less  than  the  carbon  isologues.  In  contrast  to  the  monomeric 
pentaphenylethyl,  triphenylhydrazyl  is  in  equilibrium  with  the  di¬ 
meric  hexaphenyltetrazane  at  room  temperature,  the  radical  form 
strongly  predominating  (the  “ Goldschmidt- Schlenk  principle,”  Ber. 
58,  418) : 


(C6H6)2N— N(C6H5) 
(C6H5)2N— N(C6H5) 


- k 

X - 


(C6H6)2N— N(C6H6) 
(C6H6)2N— N(C6H5) 


Some  of  the  hydrazyls  are  known  only  in  the  monomeric  form,  e.g., 
a ,  a-diphenyl-/3-trinitrophenylhydrazyl : 


N02 


It  is  rather  remarkable  that  this  radical  should  occur  only  in  the 
monomeric  form,  because  the  introduction  of  nitro  groups  into  the 
benzene  nucleus  of  the  diarylnitrogens  increases  their  tendency  to 
associate  very  considerably  (the  same  holds,  rather  surprisingly,  for 
the  introduction  of  nitro  groups  into  the  a-benzene  nuclei  of  the  tri¬ 
arylhydrazyls:  Goldschmidt,  Ann.  473,  148).  There  is  thus  a  con¬ 
siderable  difference  in  the  effect  of  substituents  on  the  degree  of  dis¬ 
sociation  of  diaryl  nitrogens  and  triarylhydrazyls,  although  these 
compounds  agree  on  the  whole  in  their  properties  and  chemical  reac¬ 
tions. 

Acyldiarylhydrazyls  have  also  been  prepared.  They  tend  more  to 
associate  than  the  triarylhydrazyls,  and,  in  fact,  in  this  respect  a- 
acyldiarylhydrazyls  exceed  the  /3-compounds  in  the  tendency  to 
dimerize. 

Some  remarkable  monomeric  carbonic  acid  derivatives  of  the  hy- 
drazyl  type  have  also  been  prepared  ( Goldschmidt ,  Ann.  437,  204). 
They  are  called  mono-N-dehydrocarbohydrazides  (or,  according  to 
the  less  satisfactory  nomenclature  of  the  original,  mono-N-dehydro- 
carbazides),  and  are  formulated  as  RR'N — N — CO — NH — NRR' 
(where  R  =  R'  =  C6H6,  or  R  =  C6H5,  R'  =  CH3). 


1 .  Triarylhydrazyls 

METHODS  OF  FORMATION.  1.  The  triarylhydrazyls  are 
prepared  by  the  oxidation  of  triarylhydrazines  (with  lead  dioxide  at 
—  60°  in  methyl  ether  solution).  The  reaction  is  analogous  to  that 
used  in  the  preparation  of  the  diarylnitrogens) : 
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Ar2N — NAr  _h 

- >  Ar2N — NAr 

H 

To  separate  the  product,  the  methyl  ether  is  separated  in  a  vacuum 
at  --70°.  For  technique,  see  Goldschmidt,  Ber.  53,  54. 

2.  The  transformation  of  triphenylhydrazine  into  triphenyl¬ 
hydrazyl  by  irradiation  (which  also  brings  about  decomposition)  is  of 
theoretical  interest.  See  Goldschmidt,  Ber.  53,  48.  See  method  6  for 
the  triarylrnethyls,  p.  394. 

PROPERTIES.  Hexaphenyltetrazane  is  almost  white  at  —80°, 
but  becomes  colored  green  on  warming.  Its  solutions  are  pale  greenish 
blue  at  —80°,  and  take  on  the  deep  blue  color  of  triphenylhydrazyl 
on  warming.  The  solutions  do  not  obey  Beer’s  law. 

CHEMICAL  PROPERTIES.  1.  Spontaneous  decomposition. 
The  triarylhydrazyls  are  very  unstable.  At  room  temperature  the 
deep  blue  color  of  triphenylhydrazyl  solutions  changes  from  green  to 
reddish  brown.  Diphenvlamine  and  quinoneanildiphenylhydrazone, 
(C6H5)2N — N=C6H4=N' — C6H5,  are  among  the  products  of  decom¬ 
position. 

2.  Nitric  oxide  combines  with  triarylhydrazyls  to  give  unstable 
addition  compounds,  Ar2N — N(Ar) — NO  (in  the  same  way  as  it  does 
with  the  diarylnitrogens) . 

8.  Triphenylmethyl  reacts  with  triarylhydrazyls  (like  the  diaryl¬ 
nitrogens).  The  addition  products  have  not  been  isolated  (see 
Goldsch7nidt,  Ber.  53,  46). 

4.  Hydroquinone  converts  almost  all  the  hydrazyls  quantita¬ 
tively  into  hydrazines : 

2  Ar2N— NAr  +  C6H4(OH)2  y=±  2  Ar2N — N(H)Ar  +  0=C6H4=0 

5.  Hydrazobenzene  reacts  even  more  readily  with  the  hydrazyls: 

2  ArN— NAr  +  C6H5NH— NHC6H5  y  =± 

2  Ar2N — N(H)Ar  +  C6H5N=NC6H5 

6.  Acids  react  very  readily  with  the  hydrazyls  ( Goldschmidt , 
Ber.  53,  62). 

7.  Oxygen  does  not  attack  the  hydrazyls. 

Up  to  the  present,  three  members  of  this  class  of  compounds 
have  been  prepared.  In  addition  to  triphenylhydrazyl  mentioned 
above,  there  is  the  very  similar  a,a:-diphenyl-/3“P-chlorophenyl- 
hydrazyl,  (C6H6)2N — N — C6H4 — Cl,  which  is  distinguished  from 
the  halogen-free  compound  only  by  its  greater  stability  and  higher 
degree  of  dissociation.  It  is  completely  monomolecular,  even  at 
—  20°  in  solution.  Above  this  temperature,  the  solution  obeys 
Beer’s  law,  but  not  below  it  ( Goldschmidt ,  Ann.  437,  195).  The 
above-mentioned  a,a-diphenyl-/3-trinitrophenylhydrazyl,  of  which 
the  formula  is  given  above,  exists  only  in  the  monomeric  form,  and 
differs  from  the  above-mentioned  hydrazyls  in  color.  It  resembles 
potassium  permanganate  in  appearance,  both  in  the  solid  form  and  in 
solution.  In  contrast  to  most  other  compounds  of  divalent  nitrogen, 
it  does  not  react  with  nitric  oxide. 
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2.  Diarylacylhydrazyls 

PREPARATION.  These  compounds  are  obtained  by  dehydro¬ 
genation  of  the  corresponding  hydrazines,  the  oxidizing  agent  being 
potassium  ferricyanide,  which  is  rather  better  than  lead  dioxide 
( Goldsch?nidt ,  Ann.  437,  199). 

PROPERTIES.  These  radicals  usually  show  a  high  tendency  to 
associate,  and  are  colored  at  high  temperatures  (or  concentrations). 
The  compounds  acylated  in  the  a-position,  Ar(Ac)N — NAr,  are  green; 
the  |3-acylated  radicals,  Ar2N — NAc,  are  red. 

CHEMICAL  PROPERTIES.  The  diarylacylhydrazyls  resemble 
the  triarylhydrazyls  in  their  reactions.  It  is  only  necessary  to  men¬ 
tion  the  characteristic  transformation  which  diphenylaeetylhydrazyl 
and  the  dimeric  tetrazane  undergo  when  HC1  is  passed  into  their 
benzene  solutions.  p-Chloroazobenzene  and  acetanilide  are  formed. 

DISSOCIATION.  Goldschmidt  used  the  diarylacylhydrazyls  and 
the  corresponding  tetrazanes  to  solve  fundamental  problems  of  the 
chemistry  of  radicals.  These  radicals  are  specially  suitable  for  the 
purpose,  since  they  react  spontaneously  and  quantitatively  with 
hydroquinone,  and  hydrazobenzene,  and  also,  the  decomposition  of 
the  tetrazane  is  a  time  reaction.  It  is  therefore  possible  to  follow 
the  position  of  the  equilibrium  very  accurately  by  titration,  when,  by 
proper  choice  of  the  temperature  (  —  18°)  and  by  working  in  very 
dilute  solutions,  the  reverse  reaction  is  very  considerably  slowed  down 
(i Goldschmidt ,  Ann.  437,  200).  The  accuracy  of  the  method  is  still 
further  increased  by  freezing  the  equilibrium  by  cooling  to  —80° 
0 Goldschmidt ,  Ann.  473,  141).  The  principal  results  of  these  experi¬ 
ments  are  as  follows:  1.  Experiments  with  diphenyl-/3-henzoyl- 
hydrazyl  show  that  the  degree  of  dissociation  corresponds  to  Ost- 
wald’s  dilution  law.  2.  The  use  of  different  solvents  shows  that  the 
degree  of  dissociation  depends  to  a  large  extent  on  the  solvent  (in¬ 
creasing  solubility  of  tetrazane  corresponds  to  increasing  degree  of 
dissociation).  3.  The  values  of  the  dissociation  constants  obtained 
make  it  possible  to  draw  conclusions  on  the  effect  of  constitution  on 
dissociation,  but  no  simple  connection  exists.  Determinations  with 
diaryl-a-acylhydrazyls  (with  various  acid  radicals  on  the  a-N-atom) 
show  that  the  extent  of  dissociation  to  the  radical  is  not  connected 
with  the  electrolytic  dissociation  of  the  acid.  J+.  The  heats  of  dis¬ 
sociation  of  the  tetrazanes  have  been  determined  from  the  temperature 
coefficient  of  the  equilibrium.  The  energy  of  dissociation  is  widely 
affected  by  the  solvent  (see  Goldschmidt,  Ann.  473,  146,  and  p.  )389. 

DIARYL-a-ACYLHYDRAZYLS,  Ac— N(Ar)— N— Ar  (and  tetra- 
aryl-cqa'-diacyltetrazanes).  The  table  (see  p.  442)  gives  the 
properties  of  these  compounds.  They  are  colorless  in  the  solid 
state,  and  are  not  very  much  dissociated  in  solution.  They  are  ar¬ 
ranged  in  increasing  order  of  dissociation.  Di-m-dimethylamino- 
phenyl-a-acetyihydrazyl,  which  shows  very  little  tendency  to  asso¬ 
ciate,  has  only  been  obtained  in  solution. 

DIARYL-/3-ACYLHYDRAZYLS,  Ar2N— N— Ac  (and  tetraaryl- 
/3,/T-diacyltetrazanes) .  Colorless  tetraphenyl-jd^'-diacetyltetra- 
zane,  m.p.  141°  (decomp.),  dissolves  with  a  pink  color  in  hot  chloro- 
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a -Acyl 

a-Aryl 

/3-Aryl 

M.p.  (dec.) 

Dissociation  color 

ChCHCO 

c6h5 

c6h5 

102-104° 

CICH2CO 

c6h5 

c«h5 

111-112° 

•  •  •  • 

ch3ch2co 

C6Hb 

c6h5 

117° 

•  •  •  • 

ch3co 

C6Hb 

c6h5 

126° 

Brownish  violet 

c6h5co 

CeHs 

c6h5 

114° 

Green 

ch3co 

p-CH3C6H4 

p-ch3c6h4 

109° 

Brownish  violet 

c6h5co 

p-ch3c6h4 

p-ch3c6h4 

115° 

Green 

form.  As  far  as  degree  of  dissociation  is  concerned  it  lies  between 
the  isomeric  a-acetyl  derivative  and  the  analogous  a-benzoyl 
compound.  Colorless  tetraphenyl-/3,/3'-dibenzoyltetrazane  is 
strongly  dissociated  in  its  blood-red  solutions.  The  accompanying 
tables  give  the  dissociation  characteristics  of  these  compounds  and 
their  derivatives  substituted  in  the  acyl  radical: 


Dissociation  of  some  tetraphenyl-/3,/3'-diacyltetrazanes  (Ann.  437,  201) 

Solvent,  toluene.  Temp.,  —18° 


Both  acyls 

Per  cent  radical 
(dilution  300) 

Equilibrium  const., 

K  X10-» 

Dissociation  const, 
of  acid  at  25°X10-8 

C6H5CO 

24 

2,000 

66 

p-ch3oc6h4co 

30 

4,300 

32 

o-N02C6H4CO 

4 

45 

6,500 

m-N02C6H4C0 

50 

23,000 

350 

p-N02C6H4C0 

39 

5,300 

400 

Dissociation  of  some  swn-tetraaryl-/3,/3'-dibenzoyltetrazanes 

(Ann.  473,  142,  146) 


a-Aryls 

Solvent 

Temp. 

Equilibrium 

const., 

K  X10-* 

Heat  of  dis¬ 
sociation  of 

N — N  linkage, 
kcal. 

p-N02C6H4 

p-no2c6h4 

CHC13 

0° 

6 

p-no2c6h4 

c6h6 

chci3 

-18.5° 

830 

18.1 

p-BrC6H4 

p-BrCeH4 

ch3c6h5 

-18.6° 

145- 

12.5 

p-BrC6H4 

C6H5 

ch3c6h6 

-18.5° 

330 

9.9 

c6h5 

c6h5 

ch3c6h5 

-18.1° 

1,150 

10.2 

p-CH3CfH4 

C0Hb 

ch3c6h6 

-18.5° 

4,300 

8.9 

p-CH3C6H4 

p-CH3C6H4 

CH3CbH5 

-18.5° 

17,000 

8.2 

p-CH3OC6II4 

c6h5 

(CH3)2CO 

-18.6° 

35,000 

7.6 

p-ch3oc«h4 

P-CH30C6II4 

(CH3)2CO 

0°  to  -50° 

Completely 

dissociated 

•  • 

3.  M  ono-N -dehy  dr  ocarbohy  dr  azides 

These  radicals  are  obtained  (like  the  other  hydrazyls)  by  dehydrogenation  of 
terminally  substituted  carbohydrazides  by  lead  dioxide  at  —25°  ( Goldschmidt , 
Ann.  437,  204),  e.g.: 

(C6H5)2N— NH— CO— NH— N(C6H6)2  -  ~-H-» 

(C6Hb)2N — N — CO — NH — N  (CeHsb 

In  addition  to  the  radical  chosen  as  an  example,  the  compound  CH3(C6H8)N — 
N — CO — NH — N(C6H5)(CH3)  has  also  been  prepared.  Both  hydrazyls  are 
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monomeric  in  solution.  The  color  of  the  first,  when  dissociated,  is  deep  blue,  and 
of  the  latter,  la  vender -blue.  They  react  smoothly  with  triphenylmethyl  and 
hydroquinone,  but  with  difficulty  with  nitric  oxide. 

(c)  Dithioaryl  nitrogens 

Dithioarylnitrogens  are  obtained,  according  to  Lecher  (Ber.  58,  423),  by  de¬ 
hydrogenation  of  the  imides  of  aromatic  sulfenic  acids.  They  exist  in  equilibrium 
with  the  dimeric  tetrathioarylhydrazines,  e.g.: 

2  (C6H6 — S)2NH  ~2H->  2  (C6H5 — S)2N  ,  ---  (C6H5— S)2N— N(S— C6H5)2 

To  carry  out  the  dehydrogenation  the  solution  of  the  imide  is  treated  with  lead 
dioxide  (which  actually  readily  reacts  with  the  radical)  and  potassium  carbonate 
(which  stabilizes  the  radical,  which  is  sensitive  to  acids) .  In  addition  to  benzene- 
sulfenimide,  o-nitrobenzenesulfenimide  can  be  dehydrogenated  in  the  same  way. 
The  violet  solutions  of  the  reaction  products  do  not  obey  Beer's  law,  and  react 
with  nitric  oxide,  triphenylmethyl,  hydroquinone,  and  hydrazobenzene.  The 
anilide  of  p -toluene -sulfenic  acid,  CH3 — CeHi — S — NHCeHs,  has  also  been  de¬ 
hydrogenated.  The  product  is  red  in  solution,  and  apparently  contains  thio-p- 
tolylphenylnitrogen . 


VI.  ORGANIC  RADICALS  WITH  MONOVALENT 

NITROGEN 

Radicals  with  monovalent  nitrogen  are,  without  doubt,  very  short" 
lived.  It  has  often  been  assumed  that  they  are  intermediate  products 
in  reactions,  e.g.,  erroneously  in  the  thermal  decomposition  of  hydrazo¬ 
benzene  ( Goldschmidt ,  Ber.  55,  3217).  On  the  other  hand,  it  can  be 
proved  ( Wieland ,  Ber.  48,  1112)  that  triphenylhydrazine  decomposes 
in  boiling  xylene  according  to  the  equation : 


(C6H5)2N— NH(C6H5)  ;==±  (C6H5)2NH  +  :N— C6H5 

Instead  of  obtaining  phenylnitrogen,  as  might  be  expected,  its  dimer, 
azobenzene,  is  formed.  Strong  evidence  for  this  view  is  given  by  the 
detection  as  a  product  of  side-reactions  of  quinoneanil-diplienyl- 
hydrazone,  as  shown  in  the  following  equations : 


C6H5 — N :  +  H— C6H4— NH- 


-N(06H5)2 

c6h5- 


-NH— C6H4— NH— N(C8H6)2  (a) 


C6H6t— NH — C6H4 — NH — N  (C6H5)2  +  C6H5— NH— N(C6H6)2  - > 

C6H5N=C6H4=N — N  (C6H5)2  +  C6H5NH2  +  NH(C6H6)2  (&) 


Actually  aniline  is  also  among  the  reaction  products  of  the  thermal 
decomposition  of  triphenylhydrazine. 


VII.  DIRADICALS  WITH  TRIVALENT  CARBON 
AND  TETRAVALENT  OR  DIVALENT  NITROGEN 


Diphenyldiazomethane  appears  to  be  a  diradical  of  this  type- 
Schonberg  gives  the  compound  the  following  formula: 


(C6H6)2C— N=N  or 


(C6H6) 


2C 


■N=N 
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See,  on  the  other  hand,  Muller ,  N.  22,  335;  Z.Elektrocliem.  40,  542; 
Ann.  517,  147. 

VIII.  RADICALS  OF  OTHER  ELEMENTS 
OF  THE  FIFTH  VERTICAL 
SERIES  OF  THE  PERIODIC  SYSTEM 

(a)  Phosphorus 

When  tetraethylphosphonium  iodide  in  liquid  ammonia  is  electrolyzed,  the  blue 
solution  round  the  cathode,  which  is  found  when  tetraethylammonium  iodide  is 
electrolyzed,  is  not  observed,  but  whemdimethylpyrone  is  added,  a  stable  yellow 
coloration  is  formed..  This  has  been  explained  as  due  to  ketyl  formation  of 
tetraethylphosphonium  ( Schlubach ,  Ber.  56,  1894;  see  tetraalkylammonium 
radicals,  p.  427) . 


(b)  Arsenic 

When  tetraethylarsonium  iodide  in  liquid  ammonia  is  electrolyzed,  the  same 
result  is  obtained  as  for  the  corresponding  phosphorus  compound  (see  above). 
No  blue  solution  is  obtained,  but  a  yellow  color  with  dimethylpyrone  ( Schlubach , 
Ber.  56,  1894).  Zappi  (Bull.  [4],  49,  386)  has  obtained  a  compound  of  tetra- 
valent  arsenic  by  the  careful  bromination  of  methylarsepidine  (bromomethyl- 
arsepidyl)  : 


2  CH 


CH2— ch2. 
CH2— CH* 


CH3 

I 

As 


CH3 

I 

2  c5h10  >As  •  v-  -- 

I 

Br 

CH3 

As<  C6H10 

I 

Br 


CH3 

C5H10  >As 
Br 


The  dimer  forms  colorless  crystals,  which  dissolve  at  high  temperatures  giving  a 
yellow  solution.  The  solution  reacts  with  bromine  and  atmospheric  oxygen  with 
formation  of : 

C5H10  >As(CH3)Br2  or  C5Hio  >As(CH3)Br— O— O— Br(CH3)As<  C5H10 

There  seem  to  be  no  analogous  radicals  to  this. 

The  existence  of  compounds  of  divalent  arsenic  has  not  yet  been  proved.  The 
behavior  of  the  tetraarylhydrazines  leads  to  the  assumption  that  the  aromatic 
analogue  of  cacodyl  would  undergo  radical  dissociation  at  higher  temperatures: 

Ar2As — AsAr2  v  2  Ar2As 

The  same  conclusion  is  arrived  at  from  the  fact  that  the  central  bond  of  tetra- 
phenylcacodyl  is  attacked  by  oxygen.  It  has,  however,  been  shown,  that  this 
compound  is  not  markedly  dissociated  into  radicals  in  boiling  benzene  ( Schlenk , 
Ann.  394,  216).  Work  with  other  tetraaryldiarsyls  has  also  led  to  no  positive 
result  ( Blicke ,  Am.  52,  780). 


(c)  Antimony 

“Antimony  cacodyl”  (m.p.  17.5°)  and  tetraethyldistibyl  (m.p.  —61°)  show  no 
tendency  to  break  down  into  radicals,  but,  as  would  be  expected,  rather  the  re¬ 
verse.  In  the  solid  state,  the  first  compound  is  deep  red,  and  the  latter  yellow. 
When  fused,  both  compounds  form  yellowish  liquids  ( Pancth ,  Trans.Faraday  Soc. 
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30,  179) .  The  central  link  of  tetraaryldistibylene  is  acted  upon  by  oxygen  and 
by  iodine,  but  no  dissociation  into  radicals  has  been  observed  ( Blicke ,  Am.  55, 

1198). 


IX.  ORGANIC  RADICALS  WITH  MONOVALENT 

OXYGEN 

The  intermediate  formation  of  organic  radicals  with  monovalent 
oxygen  was  first  proved  by  Wieland  (Ber.  44,  2550)  in  the  thermal 
decomposition  of  triphenylmethyl  peroxide  into  benzpinacone  di¬ 
phenyl  ether  (p.  422).  In  the  later  cases  of  the  formation  of  radicals 
with  monovalent  oxygen  it  is  a  matter  rather  of  the  equilibrium  be¬ 
tween  peroxides  and  the  hemimers  produced  by  breaking  the  O — O 
bond.  In  the  same  way  as  for  the  most  important  classes  of  com¬ 
pounds  with  trivalent  carbon  and  divalent  nitrogen,  the  loading  of 
the  linkage  with  aromatic  radicals  leads  to  its  rupture.  The  organic 
radicals  with  monovalent  oxygen  are  the  aroxyls,  which  are  in  equi¬ 
librium  with  the  diaryl  peroxides: 

Ar — O - 1 - O — Ar  =  Ar — 0 — O — Ar 

From  the  dissociation  process  it  can  be  concluded  that  these  radicals 
will  not  be  affected  by  oxygen.  There  are  also  cases  of  equilibrium 
between  the  aroxyls  and  the  tautomeric  radicals  with  trivalent  carbon 
(a-  and  7-ketomethylenes) : 


H  H  H  H 

i  '  . -  ><^>=0 

HH  H  HH 

The  assumption  of  this  tautomeric  equilibrium  leads  to  the  further 
conclusion  that  there  are  many  possibilities  of  association,  as,  in  addi¬ 
tion  to  peroxides  and  three  ethane  forms,  0-  and  p-quinol  ethers  can 
be  produced  by  combination  of  aroxyl  with  the  two  ketomethyl 
forms: 


In  order  to  study  the  properties  of  compounds  with  monovalent 
oxygen  it  is  most  convenient  to  take  the  aroxyls  in  which  the  above- 
mentioned  tautomerism  is  very  slight.  The  phenanthroxyls,  which 
will  be  dealt  with  first,  are  very  suitable.  Then  the  multinuclear 
dehydrogenation  product  of  o-cresol,  which  is  regarded  as  an  aroxyl, 
will  be  dealt  with. 

DEHYDROPHENOLS  will  then  be  described;  their  reactions 
indicate  the  existence  of  tautomerism  between  the  aroxyl  form  and 
the  ketomethyl  form. 
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For  the  intermediate  formation  of  radical  peroxides,  see  Ziegler, 
Ann.  504,  162. 

For  the  occurrence  of  “active  radicals”  in  the  electrolysis  of  phenols 
and  carboxylic  acids  in  liquid  ammonia,  see  Goldschmidt ,  Ber.  64, 1744. 
It  is  necessary  to  have  the  solution  sufficiently  acid.  There  is  trans¬ 
port  of  the  solute  from  cathode  to  anode,  formation  of  hydrogen  (3 
vol.)  at  the  cathode,  and  nitrogen  (1  vol.)  at  the  anode.  It  is  as¬ 
sumed  that  the  ion  of  the  acid  radical  forms  a  particularly  reactive 
radical  after  discharge,  which  decomposes  the  ammonia.  Aroxyls 
formed  by  dehydrogenation  cannot  effect  this. 

For  substances  supposed  to  be  aroxyls  (“anthoxyls”)  which  were  first  regarded 
as  compounds  of  trivalent  carbon  (oxanthronyls),  but  which  are  not  radicals,  see 
Scholl,  Ber.  66,  514;  67,  1919,  1922. 

At  the  end  of  this  section,  nitroso  compounds  will  be  discussed. 
They  may  be  regarded  as  diradicals  with  divalent  nitrogen  and 
monovalent  oxygen. 


(a)  Phenanthroxyls 


Literature,  see  Goldschmidt,  Ber.  55,  3197;  Ann.  438,  202;  445,  123. 

The  phenanthroxyls  are  prepared  by  dehydrogenation  of  10-phe- 
nanthrols  substituted  in  the  9-position,  by  means  of  potassium  ferri- 
cyanide  (or  aqueous  alkaline  solution)  or  lead  dioxide,  X  =  — OCH3  or 
— OC2H&,  Cl,  Br,  etc.: 


/\ 


/y 

V 


—OH 
— X 


PROPERTIES.  The  phenanthroxyls  differ  from  all  the  radicals 
so  far  dealt  with  in  the  slowness  (often  several  hours)  with  which 
equilibrium  is  attained.  The  comparatively  weak  (greenish  yellow) 
color  of  9-alkoxy-10-phenanthroxyls  ( Goldschmidt ,  Ber.  55,  3205) 
should  also  be  mentioned. 

CHEMICAL  PROPERTIES.  1.  Oxygen  has  very  little  effect 
on  the  phenanthroxyls.  After  many  days’  action  (preferably  in  the 
light)  9-ethoxy- 10-phenanthroxyl  gives  pfcenanthraquinone,  and 
after  some  weeks,  diphenic  acid. 

2.  Reducing  agents  (e.g.,  hydriodic  acid,  hydroquinone,  or 
hydrazobenzene)  react,  giving  phenols  (Ar — 0-  +  H  =  Ar — OH). 

Hydrazobenzene  reacts  quantitatively  according  to  the  equation : 

2  Ar — O  •  +  C6H6 — N  (H) — N  (H) — C6H6  , 

2  Ar— OH  +  C6H6 — N =N — C6H6 

The  reaction  can  be  used  for  the  volumetric  determination  of  the 
equilibrium  constant  (< Goldschmidt ,  Ann.  438,  204;  see  p.  441). 
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8.  Bromine  converts  9-ethoxy-10-phenanthroxyl  quantitatively 
into  phenanthraquinone  ( Goldschmidt ,  Ber.  55,  3203).  For  the 
action  of  halogens  on  9-chloro-10-phenanthroxyl  see  Goldschmidt , 

Ann.  438,  207. 

/.  Metal  ketyls  (p.  415)  give  up  their  metal  atom  to  phenan- 
throxyls : 


V/ 


O— 


+  Ar2C — O — K  - 


/X 


X 


\y 


/\x 


O— K 


-f-  Ar2C=0 


5.  Triphenylmethyl  forms  a  noncrystallizable  addition  prpduct 
with  9-alkoxy-10-phenanthroxyls.  When  hydrolyzed  it  gives  tri- 
phenylmethanol  and  9-alkoxy-10-phenanthrol: 


Y°- 

/^OR 


v/O— C(C6H6)3  X/011 

- >  I  +  HO— C(C6Hs)3 

/^OR  /%)R 


6.  Nitric  oxide  does  not  react  with  the  phenanthroxyls. 

PHENANTHROXYLS.  9-Methoxy-  and  9-ethoxy- 10-phenan- 
throxyl.  These  compounds  are  colorless  in  the  dimeric  form,  m.p. 
(dec.)  165°  and  138°,  respectively.  The  color  of  their  solutions  is 
at  first  bright  yellowish  green,  but  deepens  on  standing  (equilibrium 
is  slowly  attained  in  about  21/2  hours).  The  color  intensity  of  a 
freshly  prepared  solution  is  only  about  0.4  of  that  of  a  solution  3 
hours  old.  Degree  of  dissociation  in  IV/ 100  solution  in  benzene  is 
about  37%  and  62%  for  the  two  compounds.  9-Phenoxy-10-phen- 
anthroxyl  and  9,9/-diphenoxy-10,10'-diphenanthryl  peroxide,  color¬ 
less  crystals  (m.p.  166-167°,  dec.).  The  colorless  solutions  in 
chloroform  and  pyridine  become  colored  pale  pink  and  dark  pink, 
respectively,  on  boiling,  in  consequence  of  dissociation.  9-Acetoxy- 
10-phenanthroxyl  and  9,9'-diacetoxy-10,10'-diphenanthryl  peroxide, 
colorless  crystals,  m.p.  208-209°  (dec.);  solution  colorless,  no  dis¬ 
sociation  detected.  9-Chloro-10-phenanthrcxyl;  dimer,  colorless 
crystals,  m.p.  124-125°  (dec.);  monomer,  deep  bluish  red  flocks, 
which  dissolve  giving  a  solution  of  the  same  color.  Degree  of 
dissociation  in  pyridine  (17°,  dilution  100),  50%.  Dissociation 
constant  in  pyridine,  0.005.  For  the  strong  effect  of  solvent  and 
temperature  on  the  velocity  and  degree  of  dissociation,  see  Gold¬ 
schmidt,  Ann.  438,  206.  9-Bromo-10-phenanthroxyl,  dimer,  color¬ 
less  crystals,  m.p.  107-109°  (dec.).  This  compound  resembles  closely 
the  chloro  compound  (see  above)  in  properties  and  degree  of  dissocia¬ 
tion,  but  differs  from  it  in  the  much  greater  ease  of  decomposition, 
and  by  the  considerable  effect  of  increase  of  temperature  on  the 
equilibrium  constant  ( Goldschmidt ,  Ann.  445,  127). 


(b)  Dehydro-o-cresol 

Literature:  Pummerer,  Ber.  58,  1812;  Goldschmidt ,  Ber.  55,  3194;  Ann.  478,  1. 
Many  simple  aromatic  compounds  with  phenolic  hydroxyl  groups 
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when  dehydrogenated  give  reaction  products  which  are  highly  colored 
in  solution.  The  green  to  bluish  green  solution  obtained  in  this  way 
from  guaiacol  behaves  as  if  it  contained  a  radical  with  monovalent 
oxygen.  The  dehydrogenation  product  of  o-cresol  has  been  more  fully 
investigated.  When  a  solution  of  o-cresol  is  shaken  with  lead  dioxide 
a  deep  blood-red  color  is  produced.  This  is  due  to  a  radical  of  mono¬ 
valent  oxygen,  but  it  is  a  secondary  product.  It  is  very  likely  that 
the  first  product  is  the  aroxyl,  and  this  reacts  with  its  tautomeric 
ketomethyl  form.  The  following  formula  has  been  proposed  for  the 
blood-red  compound: 


CH3[2]C6I-I4[1]— O— D'JCeHs^'jCPIdTj— O— [4"]C6H3[2"]CH3[l"j— O— 

(instead  of  the  linkings  being  in  the  4"  and  4'  positions,  they  could  be 
in  the  6"  and  6'  positions.)  In  solution  the  radical  is  70-90%  in  the 
monomeric  form.  It  is  very  unstable.  It  is  not  attacked  by  atmos¬ 
pheric  oxygen,  but  it  reacts  almost  spontaneously  with  hydrazoben- 
zene,  phenylhydrazine,  and  triphenylmethyl,  being  decolorized.  For 
dehydro-p-cresol,  see  p.  450. 


(c)  Tautomeric  Dehydrophenols 

Literature:  Pummerer,  Ber.  61,  1102  and  earlier  papers;  Vol.  Ill  of  “Natur- 
wissenschaftliche”  series  of  “Wissenschaftliche  Forschungsberichte,”  p.  17;  Z. 
angew.Chem.  38,  817. 


A  radical  which  can  exist  in  the  aroxyl  form  and  the  tautomeric 
ketomethyl  form  is  obtained  by  dehydrogenation  of  j8-binaphthol 
(2, 2 '-dihydroxy-1,1 '-binaphthyl)  through  the  intermediate  stage  of 
hydroxybinaphthylene  oxide : 


/\/\ 


w 


( Pummerer ,  Ber.  52, 1410) .  The  dimer  of  the  radical  is  the  peroxide  (I, 
p.  449)  obtained  from  association  of  two  aroxyl  molecules.  On  the 
other  hand,  the  tautomeric  ketomethyl  can  give  rise  to  a  peroxide  (II,  p. 
449)  by  the  energetic  action  of  oxygen. 

The  difference  between  the  aroxyl  form  and  its  dimer  (I),  and  the 
ketomethyl  form  and  its  peroxide  (II)  is  that,  in  regard  to  its  action 
with  permanganate,  the  former  is  aromatic  in  character,  whereas  the 
latter  has  a  ring  system  with  a  quinone  nucleus.  The  dehydro  com¬ 
pounds  of  a  series  of  phenols,  especially  a-substituted  jS-naphthols,  are 
to  be  regarded  at  least  partly  as  quinone  ethers.  Decomposition  into 
radicals  has  not  been  proved  in  these  cases.  Their  ease  of  fission 
with  many  reagents  indicates  that  the  difference  is  only  one  of  degree 
( Pummerer ,  Ber.  47,  2957;  52,  1392,  1403). 
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PREPARATION  of  dehydrohydroxybinaphthylene  oxide  ( Pum - 
merer ,  Ber.  59,  2166).  The  dehydrogenation  is  best  carried  out  in 
dilute  ether  solution  at  0°,  with  an  aqueous  alkaline  solution  of  potas¬ 
sium  ferricyanide. 

PROPERTIES.  Dehydrohydroxybinaphthylene  oxide  forms 
brownish  yellow  crystals  (color  of  the  dimer),  which  form  a  brown¬ 
ish  violet  solution.  Very  dilute  (completely  dissociated)  solutions 
are  pure  reddish  violet.  The  solutions  show  an  intense  blue  fluores¬ 
cence,  and  a  characteristic  band  spectrum.  They  are  very  sensitive 
to  light  and  mineral  acids.  The  solution  in  nitrobenzene  is  not  a 
conductor  ( Pummerer ,  Ber.  47,  1472;  59,  2166). 

DISSOCIATION.  Pummerer  has  investigated  solutions  of  de¬ 
hydrohydroxybinaphthylene  oxide,  and  by  colorimetric  experi¬ 
ments  has  followed  the  dissociation  of  the  substance  with  dilution 
until  completely  dissociated.  The  solvent  exerts  a  marked  influence 
on  the  degree  of  dissociation.  There  is  no  connection  between  the  di¬ 
electric  constant  of  the  solvent  and  the  dissociation  (Ber.  47, 1477 ;  52, 
1418). 

CHEMICAL  PROPERTIES.  1.  Spontaneous  decomposition. 

Dehydrohydroxybinaphthylene  oxide  and  similar  dehydrophenols 
break  down  according  to  Wieland's  rule  when  their  solutions  are 
boiled  (Ann.  401,  234).  The  first-mentioned  compound  gives  equal 
quantities  of  hydroxybinaphthylene  oxide  and  binaphthylene  dioxide. 
The  decomposition  is  considerably  accelerated  by  picric  acid,  and  by 
light  ( Pummerer ,  Ber.  47,  1482,  2962). 

In  almost  all  reactions  in  solution,  dehydrohydroxybinaphthylene 
oxide  behaves  as  an  aroxyl,  It  is  only  in  the  reaction  with  oxygen 
that  the  radical  reacts  as  a  ketomethyl. 

2.  Oxygen  does  not  have  a  great  effect  on  dehydrohydroxybi¬ 
naphthylene  oxide,  so  that  it  can  be  prepared  without  excluding  air. 
When  oxygen  is  passed  into  it  for  some  time,  it  forms  the  peroxide  of 
the  ketomethyl  form  ( Pummerer ,  Ber.  47,  1479). 

3.  Potassium  permanganate  has  no  action  on  a  solution  of 
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dehydrohydroxybinaphthylene  oxide  in  acetone  or  pyridine  at  —30°. 
At  this  temperature  the  dehydrophenol  is  completely  bimolecular, 
and  contains  no  quinone  nuclei.  It  is  then  an  aromatic  peroxide 
(. Pummerer ,  Ber.  59,  2166).  At  higher  temperatures  the  dehydro¬ 
phenol  is  attacked  by  permanganate  (see  p.  449). 

4-  Reducing  agents  {e.g.,  hydroquinone)  act  on  the  aroxyl  forms 
of  the  dehydrophenols,  re-forming  the  phenolic  hydroxyl  group 
(p.  446;  Pummerer ,  Ber.  47,  1483;  52,  1409). 

5.  Bromine  and  other  halogens  do  not  act  on  the  dehydrophenols 

{Pummerer,  Ber.  47,  1481,  2961).  1 

6.  Sodium  reacts  with  dehydrohydroxybinaphthylene  oxide 
forming  the  sodium  salt  of  hydroxybinaphthylene  oxide. 

7.  Triphenylmethyl  reacts  with  the  dehydrophenols  forming  the 
trityl  ethers,  according  to  the  equation: 

Ar— o-  +  -CCCeHs).  -  =±  Ar— O— C(C6H6)3 

(For  further  details,  see  Pummerer ,  Ber.  47,  2959;  61,  1104.) 

8.  Nitric  oxide  in  chloroform  does  not  react  markedly  with  de¬ 
hydrohydroxybinaphthylene  oxide,  but  in  benzene  and  ether  it 
reacts  at  once  forming  a  yellow  unstable  solution  ( Pummerer ,  Ber. 
47,  1485). 

9.  Acids  react  very  readily  with  dehydrohydroxybinaphthylene 
oxide  ( Pummerer ,  Ber.  47,  1481;  p.  449). 

10.  Mutual  replacement.  Many  dehydrophenols  can  be  pre¬ 
pared  by  the  action  of  phenols  on  dehydro- (tetrachloro-p-cresol) 
which  has  a  higher  oxidation  potential  {Pummerer ,  Ber.  52,  1404; 
see  pp.  400,  416). 

DEHYDROPHENOLS.  Dehydrohydroxynaphthalene  oxide, 

m.p.  144°  (or  149°;  see  Pummerer,  Ber.  59,  2166);  for  further  de¬ 
tails  see  above.  Binaphthyl-frfs-peroxybinaphthylene  oxide,  color¬ 
less  crystals,  intermediate  product  in  the  conversion  of  /3-binaphthol 
into  dehydrohydroxybinaphthylene  oxide  {Pummerer,  Ber.  59,  2162; 
61,  1102).  Dehydro-2-naphthol  {=  2-hydroxy- 1,2 '-binaphthyl 

ether),  colorless  crystals,  m.p.  196°  {Pummerer,  Ber.  52,  1406,  1414). 
Dehydro- l-methyl-2-naphthol,  formerly  known  as  naphthomethyl- 
enequinone  (2-naphthaquinone  1-methide),  yellow  crystals,  m.p. 
133-134°  {Pummerer,  Ber.  47,  2958;  52,  1403).  Dehydro-l-bromo- 
2-naphthol,  regarded  as  a  quinone  ether,  yellow  crystals,  m.p.  115- 
116°  {Pummerer,  Ber.  52,  1404).  Dehydro  derivative  of  di- (/3-hy¬ 
droxy- a-naph  thy  1)  me  thane,  HO[/3]  Ci0H6[a] — CH2 — [«']  CioH6  [/3']  - 
OH,  pale  yellow  crystals,  m.p.  171-172°,  regarded  as  a  cyclic  qui¬ 
none  ether  {Pummerer,  Ber.  47,  2958).  Dehydro  derivative  of  di- 
(j8-hydrox3''-a;-naphthyl) -ethane,  HO [/3] Ci0H6 [a]  — CH2 — CH2 —  [a] - 
Ci0H6[/3']OH,  yellow  crystals,  m.p.  143°,  regarded  as  a  cyclic  qui¬ 
none  ether  {Pummerer,  Ber.  52,  1392).  Dehydro-(tetrachloro-p- 
cresol),  formerly  regarded  as  tetrachloro-(p-methylenequinone), 
(tetrachloro-p-quinonemethide),  yellow  crystals  {Pummerer,  Ber. 
47,2964;  52,  1401,  1404).  Dehydro-p-cresol  is  a  compound  with 
none  of  the  characteristics  of  a  radical  (Ber.  58,  1808). 
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NITROSO  RADICALS 

X.  DIRADICALS  WITH  DIVALENT  NITROGEN 
AND  MONOVALENT  OXYGEN 

The  properties  of  nitroso  compounds  lead  to  the  conclusion  that 
they  exist  in  tautomeric  equilibrium  as  follows: 

R — N=0  R— N— O 

I  I 

They  can  thus  be  regarded  as  diradicals  with  divalent  nitrogen  and 
monovalent  oxygen  ( Walden ,  Chem.der  fr.Rad.,  p.  235;  Goldschmidt , 
Ann.  442,  246). 

The  nitroso  compounds  (including  the  pseudonitrols,  nitrosites, 
and  nitrosates)  have  already  been  dealt  with  elsewhere.  We  shall 
here  deal  with  only  those  properties  and  reactions  which  bear  on  their 
radical  nature. 

PROPERTIES.  Many  nitroso  compounds  are  colorless  and  di¬ 
meric  in  the  solid  form,  but  in  the  molten  state  or  in  solution  they 
are  blue  or  green,  and  have  a  smaller  molecular  weight  (going  down 
to  that  for  the  monomer) .  Heating  favors  the  formation  of  the  mono¬ 
meric,  colored  form,  cooling,  the  reverse.  As  early  as  1898,  Piloty 
(Ber.  31,  220,  456)  recognized  that  this  was  due  to  a  dissociation 
process.  There  is,  therefore,  an  equilibrium 

(RNO)2  -  2  RNO 

By  means  of  suitable  substituents  (large  aromatic  radicals)  the  equi¬ 
librium  can  be  displaced  so  far  to  the  right  that  the  nitroso  compounds 
are  colored  even  in  the  solid  state.  There  are,  therefore,  many 
analogies  with  the  well-known  phenomena  of  radical  chemistry.  For 
determinations  of  molecular  weights  of  nitroso  compounds  in  solution, 
see  Schmidt,  Ber.  33,  875;  Bamberger,  Ber.  34,  3877;  Piloty,  Ber.  35, 
3100,  3114,  3116;  Schmidt,  Ber.  35,  2323,  2336;  Bamberger,  Ber.  36, 
689. 

CHEMICAL  PROPERTIES.  See  Goldschmidt,  Ann.  442,  246. 
1.  Spontaneous  decomposition.  The  nitroso  compounds  break 
down  according  to  Wieland’s  rule  (Ann.  401,  234).  Thus  nitroso- 
benzene  (in  benzene  solution)  slowly  breaks  down  into  nitrobenzene 
and  azoxy benzene,  among  other  substances.  The  decomposition  is 
accelerated  by  light  ( Bamberger ,  Ber.  35,  1606). 

2.  Nitric  oxide  converts  nitrosoaryls  into  diazonium  nitrates 
probably  according  to  the  equation : 

Ar— N— O  - >  Ar— N— O  - >  Ar — N — O 

II  II'  till 

NO  NO  NO  NO 

8.  Triphenylmethyl  reacts  in  a  very  complicated  manner  with 
nitrosobenzene,  though  it  can  be  said  that  addition  first  takes  place 
{Goldschmidt,  Ann.  442,  247). 

4-  Hydrazobenzene  from  which  hydrogen  is  withdrawn  with 
radicals  containing  divalent  nitrogen  and  monovalent  oxj^gen, 
undergoes  a  completely  analogous  dehydrogenation  with  nitroso¬ 
benzene: 
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C8H5 — N — O  +  C6H6(H)N— N(H)C8H6  ^ 


C6H6NH(OH)  +  c8h5n=nc8h5 


XL  ORGANIC  RADICALS  WITH  TRIVALENT 

SULFUR 

When  a  solution  of  triethylsulfonium  iodide  in  liquid  ammonia  is 
electrolyzed,  there  is  no  blue  coloration  round  the  cathode  (as  in  the 
case  of  tetraethyiammonium  iodide),  but  the  addition  of  dimethyl- 
pyrone  gives  a  yellow  coloration,  and  a  red  substance  separates. 
Azobenzene  produces  a  brown  coloration,  and  tetraphenylethylene  a 
pale  pink  color.  These  all  indicate  that  triethylsulfonium  exists  in 
the  liquid  ammonia  ( Schlubach ,  Ber.  56,  1894). 


XII.  ORGANIC  RADICALS  WITH  MONOVALENT 

SULFUR  (THIYLS) 

The  methods  of  formation  and  reactions  of  the  diaryldisulfides  have 
already  been  dealt  with,  and  it  has  been  pointed  out  that  the  binding 
between  the  sulfur  atoms  in  these  substances  must  be  very  loose. 
Schonberg  (Ber.  66,  1932)  has  found  that  diphenyl  disulfide  and  bis- 
(thio-a-naphthoyl)  disulfide  decompose  in  solution  to  form  radicals 
with  monovalent  sulfur  (known  as  phenylthiyl  and  thio-a-naphthoyl- 
thiyl) : 

C8H5S— SC6H6  , _ 1  2C6H6—S— 

c10h7— C— S— S— C— C10H7  ,  2  Ci0H7 — C — S — 


PROPERTIES.  Diphenyl  disulfide  is  colorless  in  the  solid  form, 
but  becomes  yellow  when  melted  or  dissolved  ( Schonberg ,  Ber.  48, 
525;  66,  1940).  7?fs-(thio-a:-naphthoyl)  disulfide  is  red  in  both  the 
solid  and  dissolved  states  ( Houben ,  Ber.  39,  3230;  Schonberg ,  Ber. 
65,  1864;  66,  1940).  Solutions  of  these  compounds  do  not  obey 
Beer’s  law,  and  are  strongly  thermochromic.  So  far  it  has  not  been 
possible  to  confirm  the  existence  of  the  radicals  in  solution  by  molec¬ 
ular  weight  determinations,  since  at  the  concentrations  used  in 
cryoscopic  measurements  the  dissociation  is  too  small.  Solutions  of 
5fs-(thio-a-naphthoyl)  disulfide  in  naphthalene  do  not  conduct  the 
^electric  current  (at  100°). 

For  the  method  of  testing  Beer’s  law  by  an  improved  method  due  to 
Rupp,  see  Schonberg,  Ber.  66,  1941. 

CHEMICAL  PROPERTIES.  1.  Spontaneous  decomposition. 
Diaryl  disulfides  break  down  according  to  Wieland’s  rule  (Ann.  401, 
234)  into  diaryl  monosulfides  and  diaryl  trisulfides  ( Hinsberg ,  Ber. 
43,  1874). 
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2.  Triphenylmethyl  adds  on  to  phenylthiyl  forming  triphenyl- 
methylphenyl  sulfide  ( Schonberg ,  Ber.  66,  242) : 

(C6H5)3C-  +  -S— C6H6  (C6H6),C— S— C6H6 

3.  Metal  ketyls  give  up  their  metal  atom  to  thiyls  (see  p.  447) : 

Ar — S - b  Ar2C — O — Na  v  Ar — S — Na  +  Ar2C=0 

4.  Diphenyldiazomethane  reacts  with  phenylthiyl  in  the  same 
way  as  diazomethane  reacts  with  triphenylmethyl  (p.  398) : 

2  C6H6— S—  +  N2=C(C6H6)2  — ■ — -  N2  +  (C6H6— S)2C(CeH,)2 

5.  Heavy  metals  (zinc,  silver)  add  on  to  thio-a:-naphthoylthiyl 

C]0H7 — C(=S) — S —  +  Ag  ,  . >.  C10H7— C(=S)— S— Ag 

6.  Atmospheric  oxygen  has  no  effect  on  the  thiyls. 

DIARYL  DISULFIDES.  Diphenyl  disulfide,  m.p.  60-62°  (Ber. 

48,  525).  Bfs-(thio-a:-naphthoyl)  disulfide,  m.p.  169°  ( Houben , 
Ber.  39,  3230).  o,o'-Biphenylene  disulfide,  yellow  crystals,  m.p. 
114.5°  0 Schwechter ,  Ber.  65,  1608).  The  yellow  solutions  of  this  com¬ 
pound  obey  Beer’s  law  ( Schonberg ,  Ber.  66,  1934,  1941),  which  is  to 
be  expected,  since  the  formation  of  the  diradical  produces  no  change 
in  the  number  of  molecules,  and  hence  the  law  of  mass  action  indi¬ 
cates  that  the  position  of  equilibrium  is  independent  of  concentration. 
This  holds  for  all  diradicals  in  which  the  change  of  valence  is  within 
the  molecule. 

*  <z>-<o 

Xs  / 

•  • 

XIII.  ORGANIC  RADICALS  WITH  TETRAVALENT 

CHROMIUM 

Literature:  Hein ,  Ber.  59,  362;  61,  2255. 

When  tetraphenylchrornium  iodide,  (C6H5)4CrI,  is  electrolyzed  in 
liquid  ammonia,  orange-red  tetraphenylchromium,  (C6H6)4Cr,  sepa¬ 
rates  in  the  pure  state.  Since  the  penta valence  of  the  chromium  in 
the  comparatively  stable  tetraphenylchromium  salt  can  be  regarded: 
as  proved  (Ber.  54,  2708),  tetraphenylchromium  appears  to  be  a 
radical  with  a  tetra valent  central  atom.  The  compound  has  been 
shown  to  be  completely  monomolecular  when  dissolved  in  pyridine 
(Hein,  Ber.  61,  2257).  In  the  preparation  of  tetraphenylchromium, 
the  presence  of  air,  light,  and  moisture  must  be  avoided.  Even 
when  kept  over  concentrated  sulfuric  acid  in  a  vacuum,  the  compound 
undergoes  considerable  decomposition  overnight.  In  air,  •tetra¬ 
phenylchromium  immediately  becomes  tarry,  turns  dark,  and  begins 
to  smell  of  diphenyl.  The  solution  in  pyridine  is  stable  in  the  dark  if 
kept  under  nitrogen.  Water  converts  tetraphenylchromium  into 
tetraphenylchromium  hydroxide  (Hein,  Ber.  59, 363). 
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Triphenylchromium,  a  brownish  yellow  substance,  has  been  ob¬ 
tained  in  a  similar  manner  to  tetraphenylchromium  ( Hein,  Ber.  61, 
2255).  Although  this  compound  appears  to  be  completely  normal 
from  the  point  of  view  of  valence,  it  has  the  nature  of  a  radical  (expla¬ 
nation,  Hein,  Ber.  61,  2256),  and  is  even  more  unstable  than  tetra¬ 
phenylchromium.  Water  converts  it  into  triphenylchromium  hy¬ 
droxide. 


XIV.  ORGANIC  RADICALS  OF  ELEMENTS 
IN  THE  THIRD  VERTICAL  SERIES 
OF  THE  PERIODIC  SYSTEM 


(a)  Boron 

In  comparison  with  the  behavior  of  the  aluminum  alkyls  (p.  456)  it 
is  remarkable  that  the  boron  trialkyls  show  no  tendency  to  associate, 
while  boron  hydride,  H3B — BH3,  even  shows  a  tendency  to  dissociate 
(Stock,  Ber.  56,  798).  Boron  occurs  in  homopolar  compounds  in  both 
the  trivalent  and  the  tetravalent  state,  and,  on  the  basis  of  the  com¬ 
position  of  hydrofluoboric  acid,  HBF4,  and  its  salts,  also  occurs  in  the 
pentavalent  state  in  heteropolar  compounds.  Diborane,  B2H6,  has 
been  formulated  as  a  heteropolar  compound  with  pentavalent 
boron  (see  Wiberg,  Z.anorg.Chem.  173,  199;  Stock,  Hydrides  of 
Boron  and  Silicon,  Ithaca,  1933,  pp.  158  ff.).  Organic  compounds 
of  this  tjrpe  are  known.  They  are  the  complex  boron  alcoholates,  of 
which  the  first  member,  sodium  boron  ethylate,  Na[B(OC2H5)4],  was 
discovered  by  Copaux  (C.r.  127, 719)  (see  Meerwein,  Ann.  476, 113,  and 
Boeseken,  Koninkl.Akad.Wetenschappen  Amsterdam  33,  23;  Rec. 
44,  758).  On  this  basis,  heteropolar  compounds  with  tetravalent 
boron,  such  as  those  prepared  by  Krause  (Ber.  57,  216;  59,  777;  61, 
271;  63,  934;  64,  2112) — the  compounds  of  the  triphenylboron  sodium, 
Na[B(C6H5)3],  type — appear  to  be  radicals.  Since  these  compounds 
conduct  the  electric  current,  they  are  to  be  regarded  as  salts,  in  which 
the  anion  has  the  nature  of  a  radical,  as  the  following  comparison 
shows : 

Na[BAr3]  Na[B(OR)4]  Na[BF4] 

Triarylboron  sodium  sodium  boron  alkylate  Sodium  borofluoride 

Radicals  containing  tetravalent  boron  are,  therefore,  analogous  to 
the  aminium  salts  (p.  431)  with  the  difference  that  with  the  latter 
it  is  the  cation,  and  not  the  anion,  that  has  the  characteristics  of  a 
radical.  Triphenylboron  sodium  resembles  very  closely  triphenyl- 
methyl  sodium  in  its  method  of  formation  (from  triphenylboron  and 
sodium),  and  in  its  properties.  This  challenges  a  comparison  between 
triphenylboron  and  triphenylmethyl  (Krause,  Ber.  57,  217).  In  this 
connection  it  is  of  interest  to  note  that  the  colorless  boron  triaryls  are 
sensitive  to  oxygen  (Krause,  Ber.  55,  1263),  and  tend  to  form  molec¬ 
ular  compounds,  They  do  not  tend  greatly  to  associate  ( Krause } 
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Ber .  63 , 2347) .  Sodium  adds  on  to  boron  triaryls  an  d  boron  tri benzyl , 
but  not  on  to  boron  trialkyls  and  boron  tricyclohexyl  ( Krause ,  Ber. 
61,  271 ;  64,  2112).  Other  alkali  metals  also  add  on  to  boron  triaryls. 

PREPARATION.  The  combination  of  boron  triaryls  with  alkali 
metals  is  carried  out  in  ether  in  an  atmosphere  of  nitrogen  (for  tech¬ 
nique,  see  Krause,  Ber.  59,  778). 

PROPERTIES.  The  compounds  of  the  alkali  metals  with  tri- 
phenylboron  are  orange-yellow,  though  the  lithium  compound  is 
greenish  yellow.  Like  triphenylmethyl  sodium  (though  to  a  lesser 
degree)  triphenylboron  sodium  conducts  the  electric  current  in  ether 
solution.  It  is  not  affected  by  light. 

CHEMICAL  PROPERTIES  ( Krause ,  Ber.  59,  777).  1.  At¬ 

mospheric  oxygen  reacts  very  readily  with  the  borontriaryl  alkali 
metals. 

2.  Iodine  reacts  quantitatively  with  triphenylboron  sodium  ac¬ 
cording  to  the  following  equation: 

2  (C6H5)3B— Na  +  I2  v  •->.  2.(e6H6)3B  +  2NaI 

3.  Mercury  (in  excess)  acts  on  triphenylboron  sodium  with 
formation  of  triphenylboron  and  sodium  amalgam.  The  reaction 
may,  however,  be  reversed  by  the  use  of  a  concentrated  sodium 
amalgam  (about  2.9%  Na): 


(C6H6),B—  Na  +  Hg  v  NaHg  +  (C6H5)3B 

I/..  Triphenylmethyl  withdraws  the  metal  atom  from  triphenyl- 
borylsodium. 

5.  Triphenylmethyl  chloride  forms  triphenylmethyl  with  tri¬ 
phenylboron  sodium,  and  the  triphenylmethyl  then  reacts  with  un¬ 
changed  triphenylboron  sodium  as  in  J+  above. 

6.  Ethyl  bromide  reacts  immediately  with  triphenylboron  sodium . 

7.  Carbon  dioxide  also  reacts  immediately  with  triphenylboron 
sodium. 

8.  Ether  combines  with  the  triphenylboron  alkali  metals  in  part 
(in  the  case  of  Na  and  Li)  to  form  the  very  stable  ether  compounds, 
e.g.,  (C6H5)3B— Na,  (C2H5)20.  The  latter  compound  loses  its  ether 
completely  at  180°,  the  original  orange-yellow  color  becoming  pale 
lemon-yellow  (the  ether  compounds  are  generally  more  highly  colored 
than  the  ether-free  compounds) .  In  the  formation  of  triphenylboron 
sodium  the  use  of  ether  is  not  absolutely  necessary.  It  can  often  be 
replaced  by  benzene. 

9.  Thermal  decomposition.  When  triphenylboron  cesium  is 
heated  to  240-250°  in  a  vacuum,  the  compound  is  completely  decom¬ 
posed,  benzene  being  split  off  {Krause,  Ber.  59,  785). 

TRIARYLBORYL  ALKALI  METALS.  The  compounds  of  all 
the  alkali  metals  with  triphenylboron  have  been  obtained  analyti¬ 
cally  pure  {Krause,  Ber.  59,  780  ff.).  The  sodium  compounds  of 
tri-p-tolylboron,  tri-p-xylylboron,  tri-a-naphthylboron,  tri-p-anisyl- 
boron,  and  tribenzylboron  have  not  been  obtained  in  the  solid  state. 
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(b)  Aluminum 

*  V  - 

Just  as  the  halides  of  aluminum  (and  iron)  are  classic  examples  of  dissociable 
compounds,  an  equilibrium  is  supposed  to  exist  in  the  case  of  the  aluminum 
alkyls : 

R3A1— AIR,  ^=±  2  AIR, 

The  aluminum  alkyls  are  very  sensitive  toward  atmospheric  oxygen  (spontane¬ 
ously  inflammable),  and  hence  “it  is  possible  to  conclude  that  tri valent  aluminum 
is  unsaturated,  and  to  assume  that  tetra valent  aluminum  can  exist”  ( Walden , 
Chem.der  fr.Rad.,  p.  270).  For  the  molecular  weight  determinations  of  alumi¬ 
num  methyl  and  ethyl,  which  have  been  carried  out  by  many  workers  by  different 
methods,  see  Quincke,  Ber.  22,  551;  Z.physikal.Chem.  3,  164.  For  existence  of 
subsidiary  valences  in  the  aluminum  triaryls,  see  Krause,  Ber.  63,  2401. 
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Acedicone,  360 
Acenaphthaquinoline,  247 
Acenaphthene,  86 
Acenaphtheneindoleindigo,  70 
Acenaphthophenazine,  306 
Acenaphthoquinoxaline,  306 
Acenaphthotriazole,  152 
Acetamidofuroic  acid,  17 
Acetamidothiophene,  26 
Acetoacetylmethylisoxazole,  120 
Acetoacetylpyridine,  213 
Acetoacetylquinoline,  234,  241 
Acetone  o-xylylenemercaptal,  327 
Acetonylphthalimide,  236 
Acetothienone,  27 
Acetoxybenzofuran,  57 
Acetoxyphenanthroxyl,  447 
Acetylbenzofuran,  53 
Acetylbenzotriazine,  320 
Acetylcarbazole,  87 
Acetylcarbostyril,  240 
Acetyldibenzofuran,  85 
Acetyldihydroisoindole,  85 
Acetyldimethylbenzimidazole,  134 
Acetyldimethylindazole,  115 
Acetyldimethylpyrrole,  33 
Acetyldimethylpyrrolecarboxylic  acid,  33 
Acetylfuran,  19 
Acetylhydroxybenzofuran,  18 
Acetylindazole,  115,  117 
Acetylindole,  62 
Acetylindoxyl,  69 
Acetylisatin,  75,  76 
Acetylisorosinduline,  315 
Acetylmethyldioxopyrancarboxylic  acid, 
178 

Acetylmethylpyrandione,  178 
Acetylmethylpyrrole,  33 
Acetylmethylthiapyran,  193 
Acetylphenoxazine,  275 
Acetylphthalazone,  287 
Acetylpicoline,  212,  218 
Acetylpiperidine,  222 
Aeetylpyrazole,  92 
Acetylpyridine,  212 
Acetylpyrrocoline,  268 
Acetylpyrrole,  31,  34,  36 
Acetylquinaldine,  240 
Acetylquinaldine  oxime,  236 
Acetyltrimethylpyrrole,  35 


Aconitine,  383 
Aconitum  species,  383 
Acridane,  260 

Acridine,  242,  256,  258,  260,  262,  264 
Acridineacrylic  acid,  259 
Acridinebenzoic  acid,  259,  261 
Acridinecarboxaldehyde,  259 
Acridinecarboxylic  acid,  75,  258,  259,  260 
Acridinepropionic  acid,  260 
Acridine  yellow,  260 
Acridinic  acid,  241,  242,  258 
Acridone,  257,  258,  259,  261,  262 
Acriflavine,  258,  260 
Acylbenzofuranol,  55 
Adenine,  290 

Aldehydecollidine,  198,  205 

Aldines,  296 

Alizarin  blue,  227,  248 

Alizarin  blue-green,  248 

Alizarin  blue  S,  248 

Alizarin  geranol  B,  296 

Alizarin  green,  248 

Alizarin  indigo  blue,  248 

Alkylammonium  radicals,  427 

Alkylcyanoquinolinium  iodide,  231 

Alkylcyanoquinolones,  231 

Alkyldihydrocinchoninic  acid  nitriles,  231 

Alkyls,  411 

Alkylthiotetramethy lpiperidine ,  223 

Allantoin,  124 

Allional,  108 

Allopseudocodeine,  360 

Alloxan,  290,  302 

Alloxanthine,  290 

Alloxantin,  419 

Alloxazine,  291 

Alloyohimbic  acid,  382 

Alloyohimbine,  382 

Allylaminomethyldihydrodxazine,  272 

Allylaminothiatriazole,  169 

Allylbutylenepseudourea,  272 

Ally lind ole,  65 

Allylmethyltetrahydroquinolinium  hy¬ 
droxide,  245 

Allylpentamethylenethiourea,  142 
Allylpiperidine,  221,  224 
Aluminum  ethyl,  456 
Aluminum  methyl,  456 
Amarine,  126,  128,  130 
Ambrettolide,  4 
Amidines,  cyclic,  124,  131 
Aminium  salts,  425,  431 


*  Italicized  numbers  represent  pages  on  which  properties  of  the  compound  are 
given.  Roman  numbers  indicate  pages  on  which  the  compound  is  mentioned. 
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Aminoacridine,  259,  260 
Aminoantipyrine,  107 
Aminoaposafranone,  313 
Aminobenzisothiazole,  124 
Aminobenzophenazine,  S08,  309 
Aminobenzothiazole,  144,  145 
Aminobenzoxazole,  139 
Aminocarbazole,  87 
Aminocarbostyril  methyl  ether,  217 
Aminocinchoninic  acid,  241 
Aminocytisine,  349 
Aminodichloropyrimidine,  291 
Aminodiethyltriazole,  156 
Aminodihydrobenzofuran,  54 
Aminodimethyltriazole,  147,  156 
Aminodiphenyltriazole,  156,  325 
Aminodipicolinic  acid,  207 
Aminoethylindole,  68,  266 
Aminoethylpyridine,  212 
Aminoflavone,  188 
Aminofuran,  17 
Aminoguanazole,  159 
Aminohydrocyanuride,  318 
Aminohydroxypyrimidine,  288 
Aminohydroxyquinolineacetic  acid,  243 
Aminoimidazolepropionic  acid,  128 
Aminoindazole,  116,  321 
Aminoindole,  66 
Aminoindolepropionic  acid,  67 
Aminoisonicotinic  acid,  215 
Aminoisonitrosoisoxazolone,  121 
Aminoisoquinoline,  253 
Aminoisorosindone,  313 
Aminolepidine,  237 
Aminolepidone,  239 
Amin oluti dine,  208,  209 
Aminolutidinecarboxylic  acid,  208 
Aminolutidinedicarboxylic  acid,  217 
Aminomaleimide,  284 
Aminomandelic  acid  lactam,  73 
Aminomethylimidazole,  128 
Aminomethylimidazolethiol,  128 
Aminomethylindole,  66 
Aminomethyloxazoline,  138 
Aminomethylphenyltriazole,  150 
Aminomethylpyridine,  207 
Aminomethylthiazole,  141 
Aminomethylthiazolecarboxylic  acid,  141, 
142 

Aminomethyltriazole,  156 
Aminomethyluracil,  97 
Aminomorpholine,  273 
Aminonaphthothiazole,  145 
Aminonicotinic  acid,  207,  214,  215,  217, 
267,  269 

Aminonitrobenzisoxazole,  122 
Aminooxazoline,  138 
Aminooxindole,  72,  75 
Aminophenanthrotriazine,  320 
Aminophenazine,  305,  808,  309 
Aminophenazinol,  309 
Aminophenazothionium  chloride,  280 
Aminophenothiazime,  279,  280 


Aminophenothiazine,  279,  280 
Aminophenoxazime,  276 
Aminophenoxazone,  316 
Aminophenylaminoacridine,  259 
Aminophenylbenzimidazole,  133 
Aminophenylindole,  66 
Aminophenylmethylbenzothiazole,  144, 
145 

Aminophenylmethylpyrazolone,  105 
Aminophenylmethylquinoline,  233 
Aminophenylphenazinium  chloride,  310 
Aminophenylpyridine,  205 
Aminophenylquinoline,  236 
Aminophenyltetrazole,  172 
Aminophenyltetrazolecarboxylic  acid,  172 
Aminophenylthiadiazole,  166 
Aminophenylthiazinone,  322 
Aminophenylthiazole,  141 
Aminophenyltriazole,  150,  156 
Aminophenyltriazolecarboxylic  acid,  151, 
157 

Aminophenyltriazoledicarboxylic  acid,  149 
Aminopicoline,  207 
Aminopicolinic  acid,  207,  267,  268 
Aminopiperidine,  221 
Aminopyrazole,  96,  97,  107 
Aminopyrozoledicarboxylic  acid,  97 
Aminopyridine,  31,  198,  207,  209,  214 
267,  268,  269,  338 
Aminopyrimidine,  288,  290 
Aminopyrimidinediol,  290 
Aminopyrimidinetriol,  290 
Aminopyrimidol,  290 
Aminopysimidone,  290 
Aminopyrrole,  34 
Aminoquinaldine,  236 
Aminoquinazolone,  294 
Aminoquinoline,  235,  236,  237,  239,  262, 
263,  265,  355 

Aminoquinolinium  bases,  230 
Aminoquinolinol,  240 
Aminoquinoxalinecarboxylic  acid*  302 
Aminostrychnine,  381 
Aminotartrazinogenic  acid,  110 
Aminotetramethylpyrrolidine,  50 
Aminotetrazole,  170,  172,  173,  291 
Aminotetrazotic  acid,  172,  291 
Aminothiadiazole,  167 
Aminothianaphthenecarboxylic  acid,  59 
Aminothiatriazole,  169 
Aminothiazole,  140,  141 
Aminothiazolecarboxylic  acid,  142 
Aminothiazoline,  142 
Aminothiophene,  26 
Aminothiopyrimidol,  290 
Aminotriazine,  318 
Aminotriazinediol,  319 
Aminotriazole,  148,  155,  156,  287,  291, 
324,  325 

Aminotriazolecarboxylic  acid,  156,  157, 
325 

Aminotriazoledicarboxylic  acid,  156,  157, 
325 
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Ammotrimethylpiperidine,  223, 
Aminotrimethylpyrazole,  97 
Aminourazole,  159 
Aminovalerolactam,  49 
Ammelide,  319 
Ammeline,  319 
Ammonchelidonic  acid,  217 
Anagyrine,  349  , 

Anagyris  foetida,  349 
Angostura  bark,  350 
Anhalamine,  357 
Anhalonidine,  357 
Anhalonine,  357 
Anhalonium  species,  357 
Anhydroatropine,  341 
Anhydrocotarnineacetone,  367 
Anhydroecgonine,  345,  346 
Anhydrolupinine,  339 
Anil,  78 

Anilinoaposafranine,  312 
Anilinoazacyclohendecanedione,  328 
Anilinobenzothiazole,  145 
Anilinodiphenylthiadiazoline,  166 
Anilinomethylthiazoline,  142 
Anilinophenazothionium  chloride,  280 
Anilinophenylisoquinoline,  252 
Anilinophenyltriazole,  156 
Anilinopyridine,  207 
Anilinopyrine,  107 
Anilinopyrrole,  31 
Anilino quinoline,  236 
Anilinothiadiazole,  165,  168 
Anilinotriazole,  150 
Anilinotriazolecarboxylic  acid,  150 
Aniluvitoninic  acid,  228,  241 
Anisylbiphenylenemethyl,  404 
Anisylfluorenyl,  404 
Anisyltetrazole,  172 
Anthocyanidins,  182 
Anthocyans,  182 
Anthoxyls,  446 
Anthradiisoxazole,  122 
Anthraisopyridine,  256 
Anthranil,  121,  139 
Anthrapyridine,  248 
Anthrapyridinequinone,  248 
Anthraquinoline,  247,  248 
Anthraquinoneazine,  306 
Anthraquinonepyrimidine,  296 
Anthraquinonepyrimidone,  296 
Anthrathiazole,  145 
Anthrazine,  306 
Anthrazinetetrone,  306 
Anthrisoxazolone,  122 
Anthroxanic  acid,  73 
Antimony  cacodyl,  444 
Antipyrine,  91,  98,  105,  106,  107,  108 
Antipyrine  chloride,  97,  106,  107 
Antipyrylurea,  108 
Apigenidin  chloride,  182 
Apigenin,  187 
Apiin,  187 

Apoatropine,  340,  341 


Apocinchene,  355 

Apocyanine,  231,  235 

Apomorphine,  249,  250,  256,  359,  369 

Apomorphine  dimethyl  ether,  370 

Apophyllenic  acid,  215,  367,  369 

Apoquinene,  355 

Apoquinine,  352 

Aposafranine,  312 

Aposafranine  bromide,  313 

Aposafranine  chloride,  310,  314,  315 

Aposafranone,  313 

Aposafranone  chloride,  311 

Apoyohimbine,  382 

Arcanol,  242 

Areca  catechu,  332 

Arecaidine,  220,  331,  332 

Arecaine,  331 

Arecolidine,  332 

Arecoline,  331 ,  332 

Argochrom,  281 

Aroxyls,  408,  445 

Arsanthrene,  317 

Arsanthrene  dichloride,  317 

Arsanthrenic  acid,  317 

Arsenopyridine,  208 

Asthma  remedies,  336 

Atophan,  242 

Atropa  belladonna,  340 

Atropamine,  341 

Atropine,  127,  329  340 

Atroscine,  340,  344 

Atroxindole,  72 

Azabicyclononane,  269 

Azabicyclooctane,  269,  270 

Azetidine,  13 

Azimidobenzene,  148,  151 

Azimidotoluene,  151 

Azodiphenylene,  305 

Azodiphenylmethane,  327 

Azo  dyes,  141 

substantive,  85,  133 
Azoindazole,  116 
Azolepidine,  237 
Azophenine,  311 
Azoquinoline,  237 
Azosulfime,  89,  165 
Azotetrazole,  173 
Azoxime,  6,  89,  160,  162 
Azoxole,  89 
Azthiole,  89 
Azulmic  acid,  14 

B 

Banisteria  caapi,  377 
Banisterine,  377 
Barbery,  368,  372 
Barbital,  108 
Barbituric  acid,  19,  290 
Basicity  series,  400 
Basle  blue,  312 
Baudouin  reaction,  19 
Beckmann  rearrangement,  139 


INDEX 


460 


Belladonine,  340,  341 
Bellatropine,  341 
Benzacridine,  257,  259 
Benzacridinecarboxylic  acid,  259 
Benzacridone,  262 
Benzaldiacetoneamine,  223 
Benzamidodimethyltriazole,  147 
Benzanthronequinoline,  248 
Benzazimide,  116,  821 
Benzazimidol,  152 
Benzeneazohydroxypyrazole,  104 
Benzeneazoindazole,  113,  116 
Benzeneazolutidine,  208 
Benzilam,  137 
Benzil  dipotassium,  419 
Benzilic  acid  rearrangement,  145 
Benzilotropeine,  341 

Benzimidazole,  126,  128,  131,  132,  138, 
134 

Benzimidazoledicarboxylic  acid,  134 
Benzimidazolepropionic  acid,  132, 184 
Benzimidazoline,  135 
Benzimidazolone,  186,  139 
Benzimidazolone  anil,  136 
Benzimidazoquinazoline,  133 
Benzindole,  85 
Benzindoledione,  77 
Benzindone,  313 
Benzindoxylic  acid,  85 
Benzinduline,  312 
Benzisoquinoline,  256 
Benzisothiadiazole,  169 
Benzisothiazole,  123,  124 
Benzisothiazolecarboxylic  acid,  124 
Benzisothiazolone,  124 
Benzisoxazole,  121,  122 
Benzisoxazolone,  121 
Benzobisdiazine,  300 
Benzobisimidazole,  134 
Benzobisthiazole,  145 
Benzocarbazole,  87,  88 
Benzocinnoline,  283,  287,  305 
Benzocinnoline  oxide,  287 
Benzodiazepinedione,  326 
Benzodiazine,  291,  299 
Benzodifuran,  52,  66 
Benzodioxane,  270 
Benzodioxoledicarboxylic  acid,  369 
Benzodipyrimidine,  296 
Benzoflavine,  260 
Benzofuran,  7,  51  ff.,  52,  53,  54,  61 
Benzofurancarbamic  acid  ester,  53 
Benzofurancarboxylic  acid,  53 
Benzofuran  dibromide,  53 
Benzofuran  dichloride,  53 
Benzofurandione,  53,  55,  56 
Benzofurandione  dimethylaminoanil,  55 
Benzofuranol,  55 
Benzofuranone,  63,  54,  55 
Benzofuranone  oxime,  54 
Benzofuranthianaphthene  indigo,  56 
Benzofurazan,  161 
Benzofuroxan,  161,  162 


Benzofuryl  methyl  ketone,  53 
Benzomorpholine,  274 
Benzomorpholone,  274 
Benzonaphthofuran,  85 
Benzophenanthridine,  10,  265 
Benzophenanthridone,  264 
Benzophenazime,  312 
Benzophenazine,  301,  304,  805 
Benzophenazine  oxide,  309 
Benzophenazinol,  309 
Benzophenazothionium  sulfate,  281 
Benzophenone  sulfide,  194 
Benzophenone  sulfone,  194 
Benzophenothiazine,  279 
Benzophenothiazone,  281 
Benzophenoxazime,  277 
Benzophenoxazine,  274 
Benzophenoxazone,  276,  277 
Benzopiperazone,  287 
Benzopyran,  180 
Benzopyranol,  181,  184 
Benzopyrazolone,  117 
Benzopyridacridine,  262 
Benzopyridazine,  285 
Benzopyridine,  249 
Benzopyrimidine,  289,  291,  292 
Benzopyrone,  51  185,  187 
Benzopyrrole,  51,  85 
Benzopyrylium  chloride,  182 
Benzopyrylium  compounds,  180 
Benzoquinazoline,  296 
Benzoquinoline,  10,  205,  213,  214,  247 , 
248 

Benzoquinolinequinone,  248 
Benzoquinolinol,  247 
Benzoquinoxaline,  300 
Benzoquinoxalinediol,  302 
Benzoselenadiazole,  169 
Benzothiadiazole,  168 
Benzothianaphthene,  61 
Benzothiapyran,  194 
Benzothiazine,  277 
Benzothiazinone,  278 
Benzothiazole,  133,  143, 144, 145 
Benzothiazolecarboxylic  acid,  145,  278 
Benzothiazolethiol,  145 
Benzothiazoline,  143 
Benzothiazolol,  145 
Benzothiophene,  51,  56 
Benzotriazine,  320 
Benzotriazinethione,  321 
Benzotriazole,  148, 151,  152 
Benzotriazolol,  152 
Benzotriazone,  321 
Benzotrifuran,  52,  56 
Benzoxanthene,  192 
Benzoxazine,  10,  272,  274 
Benzoxazinedione,  273 
Benzoxazinone,  271 
Benzoxazole,  133,  188,  139 
Benzoxazolecarboxylic  acid,  139 
Benzoxazolethiol,  139 
Benzoxazolol,  139 
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Benzoxazolone,  139 
Benzoxazone,  274 

Benzoylaminoindoleacrylic  acid  lactone, 

68 

Benzoylanthranilic  acid,  62 
Benzoylbenzofuran,  61,  58 
Benzoylbenzoxazole,  139 
Benzoylbenzoxazolone,  139 
Benzoylcarbazole,  87,  262 
Benzoylconiine,  333,  884 
Benzoyldihydroquinaldinic  acid  nitrile, 
231 

Benzoyleegonine,  344 
Benzoyleneurea,  296 
Benzoylfuran,  19 
Benzoylindazole,  115,  117 
Benzoylindole,  62,  Go,  66 
Benzoylindoline,  71 
Benzoylisatin,  75 
Benzoylisonicotinic  acid,  213,  215 
Benzoylnicotinic  acid,  215,  256 
Benzoylnitroindazole,  114 
Benzoylphenylimidazole,  127 
Benzoylpicolinic  acid,  213,  215 
Benzoylpiperidine,  205,  220,  222 
Benzoylpseudotropine,  345 
Benzoylpyrazole,  92 
Benzoylpyridine,  205,  212,  218 
Benzoylpyridinium,  204 
Benzoylpyrrole,  31,  36 
Benzoylpyrrolidine,  48 
Benzoylquinaldine,  240 
Benzoylquinoline,  241 
Benz-  >■;  itetrahydroisoquinoline,  255 
Benzoyitetrahydroquinoline,  244 
Benzoyltriazole,  148 
Benzylacridine,  259 
Benzyldihydroacridine,  260 
Benzyldihydrobenzotriazine,  321 
Benzyldihydroisoquinoline,  254 
Benzyldimethylpyrazolium  iodide,  96 
Benzyldiphenyldihydropyrazine,  298 
Benzylenebenzimidazole,  134 
Benzylhydrocotarnine,  368 
Benzylideneaminotriazole,  156 
Benzylidenebenzofuranone,  55 
Benzylidenebisindazole,  114 
Benzylidenecinchomeronide,  237 
Benzylidenecoumaranone,  186 
Benzylidenedilepidine,  233 
Benzylidenediquinaldine,  233 
Benzylidenelepidine,  233 
Benzylidenelevulinic  acid  oxime  anhy¬ 
dride,  271 

Benzylidenemethyldihydropyridine,  205 
Benzylidenemethylisoxazolo  ne,  121 
Benzy  lideneoxindole,  73 
Benzy  li  denephenylisoxazolone,  121 
Benzylidenepyrazolone,  104 
Benzybdenequinaldine,  233 
Benzylidenethianaphthenone,  58 
Benzylindazole,  115 
Benzylisoauinoline,  252 


Benzyloxazole,  139 
Benzyloxytriphenylmethyl,  403 
Benzylphenylmethylpyrazolone,  106 
Benzylphthalazine,  286 
Benzylphthalazone,  287 
Benzylpiperidine,  221 
Benzylpiperidine  oxide,  222 
Benzylpyridine,  205,  213 
Benzylpyridinediol,  210 
Benzylpyridinium,  204 
Benzy lpyridinium  chloride,  205 
Benzylpyrrole,  31,  201,  205 
Benzyl  pyrryl  ketone,  36 
Benzylquinazolone,  294 
Berberal,  372 
Berberinal,  372 

Berberine,  216,  250,  256,  329,  369,  872, 
374 

Berberinium  hydroxide,  372 
Berberinol,  372 
Berberis  vulgaris,  368,  372 
Berberonic  acid,  216 
Berberubin,  374 
Betaine,  13 
Biacridine,  263 
Bibenzimidazole,  134 
Bibenzindolone,  85 
Bibenzofurandione,  55 
Bibenzofuranone,  55 
Bibenzothiazole,  145 
Bidiphenylvinylxanthyl,  406 
Biimidazole,  127 
Biimidazoline,  130 
Biindolinedione,  84 
Biindolyl,  83 
Biindoxyl,  83 
Bilepidone,  239 
Bilirubic  acid,  38,  89 
Bilirubin,  33,  39 

Binaphthyl bisperoxybinaphthylene  oxide , 
450 

Binaphthylene  dioxide,  449 
Bioxindole,  84 

Biphenylenebisdibiphenylylmethyl,  413 
Biphenylenebisdiphenylmethyl,  412,  413 
Biphenylene  disulfide,  453 
Biphenylene  oxide,  85 
Biphenylenetriphenylethyl,  409 
Biphenylmethylpyrazolone,  105 
Bipheny ly lbiphenylenemethyl ,  405 
Biphenylylfluorenyl,  405 
Bipseudoindoxyl,  78 
Bipyridine,  205,  206 
Bipyridinedicarboxylic  acid,  265 
Bipyridinetetracarboxylic  acid,  206 
Bipyrroyl,  36 
Biquinoline,  233 
Bisanisylfluorenyl,  404 
Bisarylmercaptonitrogens,  443 
Bi  sbipheny  lenebisphenyloxadiazol  e- 
e thane,  406 

Bisbiphenylylfiuorenyl,  405 
Bisdianisyldibiphenylenehydrazine,  438 
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Bisdiazoacetic  acid,  324,  825 
Bisdichlorophenyldibiphenylenehydra- 
zine,  438 

Bisdiethylaminotetraphenylhydrazine, 

436 

Bisdimethylaminophenylacetylhydrazyl, 

441 

Bisdimethylaminophenylnitrogen,  434 
Bisdimethylaminotriphenylmethyl,  404 
Bisdiphenyldibiphenylenehydrazine,  438 
Bisdiphenylmethyl,  414 
Bisdipheny lmethy ldipheny lethane ,  413 
Bisdiphenylmethyldiphenylmethane,  413 
Bisdiphenjdmethylphenylbutane,  414 
Bisditolyldibiphenyienehydrazine,  438 
Biselenanaphthenone,  61 
Bisfluorenyls,  404 
Bisnaphthindoleindigo,  85 
Bisnitrophenylnitric  oxide,  426 
Bisphenylfluorenyl,  404 
Bisphenylxanthyl  peroxide,  190 
Bispidine,  268 
Bispiperidine,  328 
Bistetrahydromethoxyquinolyl,  437 
Bistetrahydromethylquinolyl,  437 
Bistetrahydroquinolyl,  437 
Bisthianaphthene,  59 
Bisthionaphthoyl  disulfide,  452,  J+53 
Bistriarylmethyl  peroxide,  397 
Bistrimethylenediamine,  327 
Bitetrazole,  172 
Bitetrazolol,  173 
Bithianaphthenedione,  59 
Bithioindoxyl,  60 
Bitriazole,  157 
Blood  pigment,  46,  47 
Brasilin,  192 
Brazan,  85 

Brazilin,  85  « 

Brilliant  indigo,  84 
Bromoacridine,  262 
Bromobenzofuran,  53 
Bromobenzofuranone,  54 
Bromocarbostyril,  239 
Bromocinchonine,  352 
Bromocodide,  360 
Bromocoumalic  acid,  20 
Bromocoumarin,  51,  53 
Bromodimethylcoumalic  acid,  21 
Bromodiphenylnaphthylmethyl,  402 
Bromoethylpyridine,  212 
Bromofuran,  17 
Bromofuroic  acid,  20 
Bromoimidazole,  128 
Bromoindazole,  116 
Bromoindole,  66 
Bromoindolecarboxylic  acid,  84 
Bromomethoxycodeinone,  364 
Bromomethylarsepidyl,  444 
Bromomethylfurfural,  19 
Bromomorphide,  359 
Bromonitrobenzofuran,  53 
Bromophenanthroxyl,  447 


Bromopropylplithalimidomalonic  ester, 
49 

Bromopropylpiperidine,  222 
Bromopyrazole,  96 
Bromopyrazoline,  91 
Bromopyridine,  30,  201,  205,  206,  209 
Bromopyridinepropionic  acid,  206,  218 
Bromopyrone,  179 
Bromoquinine,  352 
Bromoquinoline,  229,  235,  236 
Bromotetrazole,  172,  173 
Bromothianaphthene,  57 
Bromothianaphthenol,  58 
Bromothiazole,  140 
Bromothiophene,  24,  26,  27 
Bromotriazole,  155 
Bromotriphenylmethyl,  402 
Bromotropane,  343 
Brucic  acid,  380 
Brucidine,  380 
Brucine,  204,  329,  880 
Brucine  oxide,  380 
Brucine  peroxide,  380 
Brucinesulfonic  acid,  381 
Brucinolic  acid,  380 
Brucinoline,  380 
Brucinonic  acid,  380 
Bulbocapnine,  369,  371,  374 
Bulbocapnine  dimethyl  ether,  370 
Bulbocapnus  cavus,  374 
Butinidin  chloride,  182 
Butylpyridine,  205 
Butylpyridinecarboxylic  acid,  340 
Butyrolactam,  5,  48,  50 
Butyrolactone,  4,  22 

C 

Cacotheline,  381 
Caffeine,  108,  329 
Calumba  root,  374 
Camphanomorpholine,  274 
Canadine,  373 
Cannabis  sativa,  331 
Capri  blue  dyes,  276 
Capriblue  GON,  276 
Caprolactam,  326 
Capsaicine,  332 
Capsicum,  332 

Carbazole,  11,  51,  86,  88,  279 
Carbazoleacetic  acid,  87 
Carbazole  blue,  87 
Carbazolecarboxylic  acid,  87 
Carbazolemagnesium  iodide,  87 
Carbazolenine,  88 
Carbazoline,  88 

Carbethoxybiphenylenetetrazolium 
chloride,  174 
Carbethoxyconiine,  334 
Carbethoxydimethylpyridone,  178 
Carbethoxydimethylpyrrolepropionic 
acid,  44 

Carbethoxyethylphthalimide,  254 
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Carbethoxvmethylcinchomeronimide, 

215 

Carbethoxymethylphthalimide,  253 
Carbethoxymethylpyrazolone,  109 
Carbethoxypiperidine,  222 
Carbethoxypropylphthalimide,  254 
Carbindigo,  254 

Carbocinchomeronic  acid,  205,  216 
Carboline,  266 

Carbomethoxymethylpyrazolinetricar- 
boxylic  acid,  102, 

Carbon  monoxide,  422 
Carbonylaminobenzoylphenylhydrazine, 
327 

Carbonylaminobenzylphenylhydrazine, 

327 

Carbonylaminophenol,  139 
Carbonyldiaminodiphenyl,  327 
Carbonyldipyrrole,  36 
Carbonylethylenediphenylhydrazine,  327 
Carbonylphenylhydrazidoacetphenylhy- 
drazide,  327 

Carbonylthiocarbanilide,  14 
Carbopyrotritaric  acid,  21 
Carbostyril,  226,  235,  236,  238,  240,  244 
Carbostyril  methyl  ether,  238 
Carboxydiethyltetramethylporphinepro- 
pionic  acid,  46 

Carboxyethylindoleisosuccinic  acid,  68 
Carboxymethylfuroic  acid,  21 
Carboxymethylindazole,  112 
Carboxymethylmethylfuroic  acid,  21 
Carboxymethylpyridinium  chloride,  13 
Carboxymethylmethylpyrrolidone,  50 
Carboxymethylpyrrolidineacetic  acid,  342 
Carboxymethylmethylpyrrolidinecar- 
boxylic  acid,  50 

Carboxymethylquinaldinecarboxylic  acid, 
242 

Carboxyphenylindazolol,  116 
Carboxyphenylpyridinecarboxylic  acid, 
214 

Carboxypiperidineacetic  acid.  See  Cin- 
choloiponic  acid 

Carboxypseudoindolone  oxide,  74 

Carbyls,  393 

Cardiazole,  171,  174 

Carnegine,  357 

Carnigiea  gigantea,  357 

Carnosine,  130 

Casein,  49,  50 

Celandine,  179 

Cellulose,  19 

Cephaeline,  376 

Ceroxonol,  193 

Cerulein,  193 

Cevadilline,  383 

Cevadine,  383 

Cevine,  383 

Chelidamic  acid,  217 

Chelidonic  acid,  178,  179,  217 

Chelidonium  maius,  179 

China  cuprea,  352 


Chloralide,  88 
Chlorine  e6,  46 
Chloroacridine,  262 
Chloroaminopyridine,  206 
Chlorobenzofuran,  53 
Chlorobenzothiazole,  145 
Chlorocarbazole,  87 
Chlorocinnoline,  285 
Chlorocodide,  360 

Chlorodihydrophenarsazine,  316,  317 
Chlorodihydrophenarsazinecarboxylic 
acid,  317 

Chlorodimethyldihydrophenarsazine,  317 
Chlorodimethylimidazole,  128 
Chlorodimethylquinoline,  65 
Chlorodimethyltrichlorobenzimidazole, 
134 

Chloroethylpiperidine,  222 
Chlorohydroxyphenoxazone,  276 
Chlorohydroxypyrindone,  237 
Chloroimidazole,  128 
Chloroindazole,  113,  114,  116 
Chloroindole,  66 
Chloroisoquinoline,  252 
Chloroisoquinolinol,  252 
Chlorolepidine,  65,  239 
Chlorolepidinic  acid,  216 
Chlorolutidine,  206,  208,  211 
Chlorolutidinedicarboxylic  acid,  217 
Chloromethyldihydrophenarsazine,  317 
Chloromethylfurfural,  19 
Cliloromethylimidazole,  128,  129 
Chloromethylisoquinoline,  252 
Chloromethyllutidinium  iodide,  209 
Chloromethylqumoline,  235 
Chloromorphide,  359 
Chloronicotinic  acid,  214 
Chlorophenanthridine,  264 
Chlorophenanthroxyl,  447 
Chlorophenazinium  chloride,  309 
Chlorophenothiazine,  279 
Chlorophenylbenzofuran,  54 
Chlorophenyldihydropyrimidodiquino- 
line,  252 

Chlorophenylisoquinoline,  252 
Chlorophenylquinazoline,  292,  293 
Chlorophenylxanthyl,  405 
Chlorophtlialazine,  285,  286 
Chlorophyll,  8,  29,  33,  46,  47 
Chloropiperidinecarboxaldehyde  acetal, 
224 

Chloropseudoindolone,  70,  76 
Chloropyrazole,  96 
Chloropyridazine,  283 
Chloropyridine,  30,  200,  201,  206,  207, 
209,  211,  266 

Chloropyridinecarboxylic  acid,  214 
Chloropyrimidine,  288 
Chloropyrrole,  33  * 

Chloropyrroline,  48 
Cliloroquinaldine,  65 
Chloroquinazoline,  292,  293 
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Chloroquinoline,  62,  65,  66,  229,  234,  285 , 
237,  238,  239,  240,  244,  267,  350 
Chloroquinolinecarboxylic  acid,  242 
Chlororaphine,  304,  309 
Chlorotetrazole,  172 
Chlorothiazole,  140 
Chlorothiophene,  24,  26 
Chlorotoluquinoline,  240 
Chlorotriazole,  155 

Chlorotrimethylpyridinium  iodide,  211 

Chlorotriphenylmethyl,  402 

Chromenyls,  407 

Chromone,  185,  187,  419 

Chromonol,  187 

Chrysanilic  acid,  69 

Chrysaniline,  259,  260 

Chrysin,  187 

Ciba  blue,  84 

Cibalgin,  108 

Ciba  scarlet  G,  58 

Ciba  violet,  77 

Cinchamidine,  352 

Cinchene,  355 

Cincholoiponic  acid,  220,  224,  225,  353 
Cinchomeronic  acid,  214,  215,  251,  367 
Cinchomeronic  acid  anhydride,  237 
Cinchomeronic  acid  methyl  betaine,  215 
Cinchomeronimide,  215 
Cinch omeronimidine,  215 
Cinchona  alkaloids,  224,  851 
Cinchona  species,  351 
Cinchonic  acid,  215 
Cinchonidine,  215,  851,  353  ff. 

Cinchonine,  204  ff.,  215,  216,  224,  226, 
232,  239,  241,  245,  329,  351,  353,  354 
Cinchonine  chloride,  355 
Cinchoninic  acid,  227,  239,  240,  241,  242, 
353,  355 

Cinchoninic  acid  amide,  236 

Cinchoninone,  853,  355 

Cinchophen,  108,  242 

Cinchotenine,  353 

Cinchotine,  351,  352 

Cinchotoxine,  854,  355 

Cinn  amyl  cocaine,  344 

Cinnoline,  285 

Cinnolinol,  285 

Citraconimide,  32 

Citrazinic  acid,  196,  200,  217 

Citrus  aurantium,  49 

Coca  alkaloids,  345 

Cocaine,  329,  330,  344,  845,  346,  347 

Cocculus  species,  368 

Coclaurine,  368 

Cocoa  leaves,  49 

Codamine,  366 

Codeine,  329,  358,  359,  361,  362 
Codeinone,  860,  361,  362 
Coffee  oil,  16 
Colchicine,  329 
Collidine,  204,  205,  212,  216 
Collidinedicarboxylic  acid,  216 
Collinsia,  78 


Columbamine,  369,  374 
Comanic  acid,  179 
Comenamic  acid,  180,  210,  217 
Comenic  acid,  179,  180 
Compral,  108 
Conhydrine,  224,  332,  834 
Coniceine,  219,  882,  334 
Conidine,  224 

Coniine,  205,  206,  213,  329,  330,  332,  334, 
335,  383 

Conium  maculatum,  332 
Con  quinine,  351 
Convicine,  290 
Conyrine,  205,  333,  348 
Copellidine,  222 
Coproporphyrin,  42 
Copyrine,  216 

Cortex  Quebracho  bianco,  382 
Corybulbine,  874,  375 
Corycavamine,  375,  376 
Corycavine,  375,  376 
Corydaldine,  370,  377 
Corydaldinecarboxylic  acid,  370 
Corydaline,  369,  874,  375 
Corydalis  cava,  371,  374 
Corydalis  root,  375 
Corydalis  tubers,  374 
Cory  dine,  371 
Corynanthic  acid,  382 
Corynanthine,  382 
Corypalmine,  374 
Corytuberine,  369,  371 
Corytuberine  dimethyl  ether,  370 
Cotarnic  acid,  367 
Cotarnine,  254,  366,  368 
Coto  bark,  178 

Cotton  dyes,  substantive,  139,  144 

Coumalic  acid,  178 

Coumalin,  178 

Coumaran,  54 

Coumarandione,  55 

Coumaranone,  54 

Coumarilic  acid,  51,  52,  58,  54 

Coumarin,  51,  1S1,  184 

Coumarinaldehydes,  184 

Coumarin  dibromide,  51 

Coumarone,  7,  51,  52 

Coumarone  resins,  52 

Coumazonic  acid,  272 

Creatinine,  131  v 

Creosote,  16 

Cryptopine,  875,  376 

Cryptopyrrole,  32,  33,  39,  40 

Cryptopyrrolecarboxaldehyde,  33,  35 

Cryptopyrrolecarboxylic  acid,  37,  39,  40 

Cryptopyrrylmethene,  42 

Crystal  violet  radical,  404 

Cumylenediazosulfide,  168 

Cupreine,  351,  352 

Cuskhygrine,  331 

Cusparine,  239,  850 

Cuzco  leaves,  331 

Cyanamine,  277 
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Cyananthrene,  248 
Cyanide  radical,  412 
Cyanidin  chloride,  182,  186,  187 
Cyanidine,  317 
Cyanidin  iodide,  183 
Cyanine  dyes,  231,  234,  240 
Cyanoalkine(s),  288,  290 
Cyanobenzyline,  290 
Cyanoconiine,  289 
Cyanoethine,  290 
Cyanoindazole,  117 
Cyanomethine,  290 
Cy anomethylisocarbosty ril ,  253 
Cyanopyridine,  206 
Cyanopyrrole,  31 
Cyanotetrazole,  172,  173 
Cyanothiophene,  24 
Cyanuric  acid,  318,  319 
Cyanuric  chloride,  318,  319 
Cyaphenine,  318 

Cycloformazylcarboxylic  acid  ester,  328 

Cycloheptatriene,  342 

Cyclopentaquinoline,  256 

Cytisine,  349 

Cytisolidine,  349 

Cytisoline,  349 

Cytisolinic  acid,  349 

Cytisus  laburnum,  349 

Cytosine,  289,  290 

Cytosinecarboxaldehyde,  291 

D 

Daphnetin,  51 
Datura  stramonium,  340 
Decahydroacridinedione,  262 
Decahydroisoquinoline,  256 
Decahydroquinoline,  230,  244,  245,  246, 
248 

Dehydroacetic  acid,  178,  209 
Dehydroacetocarboxylic  acid,  178 
Dehydrobromonaphthol,  450 
Dehydrocarbazides,  439 
Dehydrocarbohydrazides,  439,  443 
Dehydrocinchonine,  352 
Dehydrocresol,  447,  450 
Dehydrodihydroxynaphthylethane,  450 
Dehydrodihydroxynaphthylmethane,  450 
Dehydrofuroic  acid,  17 
Dehydrohydroxybinaphthylene  oxide, 
449, 450 

Dehydroindigo,  83,  84 
Dehydromethylnaphthol,  450 
Dehydromucic  acid,  20 
Dehydromucic  acid  chloride,  19 
Dehydronapht.hol,  450 
Dehydroquinine,  352 
Dehydrosparteine,  339 
Dehydrotetrachlorocresol,  450 
Dehydrothiotohtidine,  144 
Delphinidin  chloride,  182 
Desoxybenzoincarboxylic  acid  lactazone, 
327 


Desoxycinchonidine,  355 
Desoxycinchonine,  355 
Desoxycodeine,  361 
Desoxyfuroin,  18 
Desoxyindigo,  83 
Desoxylupanine,  340 
Desoxyquinidine,  355 
Desoxyquinine,  355 
Desoxystrychnine,  379 
Desoxytetrahydrosinomenine,  364 
Desoxyyohimbine,  382 
Deuteroporphyrin,  42,  44,  45 
Diacenaphthothiophene,  85 
Diacetoxydiphenanthryl  peroxide,  447 
Diacetylaminotetraphenylhydrazine,  436 
Diacetyldeuteroporphyrin,  44,  45 
Diacetylindoxyl,  69 
Diacetyllutidine,  213 
Diacetylmorphine,  358 
Diacetylnaphthazarin,  100 
Diacetylphenyllutidine,  213 
Diacetylpyrrocoline,  268 
Diacetyipyrrole,  36 
Diacetyltetrahydrobipyridine,  204 
Diallylbarbituric  acid,  108 
Dialuric  acid,  290 
Diaminoacridine,  260 
Diaminobenzimidazole,  134 
Diaminobenzocinnoline,  287 
Diaminocarbazole,  87 
Diaminochloropyrimidine,  291 
Diaminodianthraquinoyl,  307 
Diaminodibenzofuran,  85 
Diaminodimethylpyridine,  208 
Diaminoflavinduline,  315 
Diaminohydrocyanuride,  318 
Diaminohydroxypyrimidine,  288 
Diaminomethylacridinium  chloride,  260 
Diaminonicotinic  acid,  214 
Diaminophenazine,  308,  309,  315 
Diaminophenothiazine,  279,  280 
Diaminophenoxazine,  276 
Diaminophenylphenazinium  chloride,  310 
Diaminopyrazole,  97 
Diaminopyridine,  207,  208 
Diaminopyrimidine,  290 
Diaminopyrimidinediol,  290 
Diaminoquinoxaline,  301,  302 
Diaminostrychnine,  380,  381 
Diaminothiopyrimidine,  290 
Diaminothiopyrimidol,  290 
Diaminotriazine,  318 
Diaminotriazinol,  319 
Dianilinoisonicotinic  acid,  217 
Dianilinophenazothionium  chloride,  280 
Dianisyldiphenylallyl,  406 
Dianisylnitric  oxide,  426 
Dianisylnitrogen,  434 
Dianthranilide,  327 
Diarylnitric  oxides,  424 
Diarylnitrogen,  433 
Diazabicyclononane,  268 
.  Diazacyclododecane,  328 
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Diazacyclododecanedione,  328 
Diazapyranthrenedione,  307 
Diazine,  282,  283,  288,  296 
Diaziridine,  13 
Diazoaminopyridine,  207 
Diazoindazole,  112,  116 
Diazoindole,  62 
Diazole,  89,  124 
Diazotetrazole,  172 
Diazothiazole,  140 

Diazotriazolecarboxylic  acid,  157,  158 
Diazoxide,  89 
Dibenzacridine,  259 
Dibenzacridone,  259,  262 
Dibenzanthracene,  412,  415 
Dibenzarsenole,  88 

Dibenzenesulfonyldihydropyrazine,  298 
Dibenzenesulfonylpiperazine,  299 
Dibenzenesulfonyltetrahydroquinoxaline, 
303 

Dibenzenylazosulfime,  165 
Dibenzenylazoxime,  163 
Dibenzocarbazole,  87,  88 
Dibenzodiazepine,  327 
Dibenzodiazepinqne,  327 
Dibenzodiazocinedione,  327 
Dibenzodioxocindione,  327 
Dibenzofluorindine,  315 
Dibenzofuran,  51,  85 
Dibenzofurancarboxylic  acid,  85 
Dibenzofuransulfonic  acid,  85 
Dibenzofuryl  ketone,  53 
Dibenzooxazine,  274 
Dibenzooxindigo,  56 
Dibenzophenazime,  312 
Dibenzophenazine,  302,  305,  306 
Dibenzophenothiazine,  279 
Dibenzophenothiazone,  281 
Dibenzophenoxazine,  274 
Dibenzopyran,  189 
Dibenzopyrazine,  303 
Dibenzopyridazine,  287 
Dibenzopyrone,  189 
Dibenzopyrrole,  51,  86 
Dibenzoquinazolinedione,  296 
Dibenzoquinoline,  249 
Dibenzothiophene,  51,  86 
Dibenzoxanthone,  192 
Dibenzoxanthydrol,  190 
Dibenzoyldimethyldihydrotetrazine,  147 
Dibenzoyldimethyltetrahydroquinazoline, 
295 

Dibenzoylfuran,  19 
Dibenzoylfurazan,  161 
Dibenzoylfuroxan,  161,  162 
Dibenzoylindigo,  84 
Dibenzoyltetraaryltetrazanes,  442 
Dibenzylbisdiphenylmethyl,  412,  413 
Dibenzylbisphenylethyl,  413 
Dibenzyldihydrodiphenylpyrazine,  298 
Dibenzyldiphenyldihydropyrazine,  298 
Dibenzyldipyridinium,  430 
Dibenzyldipyridinium  bicarbonate,  430 


Dibenzyldipyridinium  dichloride,  432 
Dibenzylnitrogen,  434 
Dibenzylphenylaminopyrimidine,  290 
Dibenzylpiperazine,  299 
Dibenzylpyridine,  205,  222 
Dibenzyltetrahydrodipyridyl,  429 
Dibiphenylenedibiphenylylethane,  396 
Dibiphenylenehydrazine,  87 
Dibiphenylylnaphthylmethyl,  402 
Dibiphenylylnitrogen,  434 
Dibromobenzofuran,  53 
Dibromobenzofuranone,  54 
Dibromobenzoxazolone,  139 
Dibromodibenzofuran,  85 
Dibromodihydrobenzofuran,  53 
Dibromodimethylpyrromethenedipropi- 
onic  acid,  45 
Dibromofuroic  acid,  20 
Dibromofuroxan,  162 
Dibromoindigo,  77,  84 
Dibromomethylenehydrazinotetrazole, 
173 

Dibromopyridazone,  284 
Dibromopyridol,  209 
Dibromopyrone,  179 
Dibromotetramethylpiperidone,  48 
Dibromothianaphthene,  57 
Dibromothianaphthenone,  58,  59,  60 
Dibromothiophene,  26 
Dibromoticonine,  337 
Dicar  bethoxydimethylpyrromethanedi- 
propionic  acid,  44 

Dicar  bethoxytetramethylpyrromethene, 
40 

Dicarboxypyrrolediacetic  acid,  37 
Dicentra  pusilla,  372 
Dicentra  spectabilis,  375 
Dicentrine,  372 

Dichloroacetylpicolinic  acid,  237 
Dichlorobenzofuran,  53 
Dichlorobenzylpiperidine,  221 
Dichlorocarbazole,  87 
Dichlorodinaphthyridine,  267 
Dichlorodinicotinic  acid,  217 
Dichlorofuroxan,  162 
Dichloroindigo,  84 
Dichloroindole,  66 
Dichloroisonicotinic  acid,  206,  217 
Dichloroisoquinoline,  251,  252 
Dichloromaleimide,  29 
Dichloromethyldimethylpseudoindole, 
65 

Dichloromethylpyrrole,  30 
Dichloronicotinic  acid,  217 
Dichlorooxodihydrobenzothiazine,  145 
Dichlorophenazinium  chloride,  309,  315 
Dichlorophthalazine,  286,  287 
Dichloropyridine,  206 
Dichloropyrimidine,  289,  290 
Dichloropyrrole,  33 
Dichloroquinazoline,  292,  293 
Dichloroquinolinetrione,  237 
Dichloroquinoxaline,  302 
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Dichlorothianaphthene,  57 
Dichlorothiophene,  24,  26 
Dichromylene,  414 
Dicodide,  360 
Dictamnic  acid,  350 
Dictamnine,  350 
Dictamnus,  350 
Dicyanines,  234 
Didecyloxadiazole,  164 
Diethenylazoxime,  163 
Diethoxychlorotriazine,  319 
Diethoxymethylene,  423 
Diethyldimethylpyrrole,  32 
Diethyldiphenylhydrazine,  437 
Diethylene  dioxide,  270 
Diethylene  sulfide,  270 
Diethylindigo,  76,  84 
Diethylmethylaminopyrimidine,  290 
Diethylmethylpyrimidine,  289 
Diethylnitrogen,  434,  437 
Diethyloxadiazole,  164 
Diethyloxalimide  chloride,  127 
Diethylphenosafranine,  314 
Diethylpyridinemethanol,  212 
Diethyltetramethylporphinepropionic 
acid,  46 

Diethyltetramethylpyrromethene,  40 
Difurfurylidenefurfurylidenediamine,  17, 
19 

Difurfurylidenepropionic  acid,  18 
Difurfurylidenesuccinic  acid,  18 
Difurfurylidenetriacetophenone,  18 
Difuryl,  22 
Difury  lethylene,  16 
Difurylglycolic  acid,  18 
Difurylglyoxal,  18 
Difuryltriazole,  155 
Diglycolamic  acid  anhydride,  274 
Diglycolic  acid  imide,  274 
Digly colic  anhydride,  270 
Diglycolide,  270 
Dihydrazinonaphthyridine,  174 
Dihydroacridine,  258,  260,  262 
Dihydroacridinesulfonic  acid,  258 
Dihydroanthraquinoneazine,  306 
Dihydroantipyrine,  106 
Dihydroarecaidine,  332 
Dihydrobenzisothiazole,  124 
Dihydrobenzocinnoline,  287 
Dihydrobenzodiazocinedione,  327 
Dihydrobenzofuran,  54 
Dihydrobenzofurancarboxylic  acid,  54 
Dihydrobenzoquinolizine,  246 
Dihvdrobenzoquinolizinedione,  246 
Dihydrobenzoquinoxalinol,  303 
Dihydrobenzotriazine,  320 
Dihydrobenzoxazine,  274 
Dihydroberberine,  373 
Dihydrobrucidine,  380 
Dihydrobrucine,  380 
Dihydrocarbazole,  87 
Dihydrocinchonine,  356 
Dihydrocinnoline,  285 


Dihydrocodeinone,  360,  362,  364 
Dihydrocollidine,  218 
Dihydrocollidinedicarboxylic  acid,  198, 
204,  216,  218 
Dihydrocotarnine,  367 
Dihydrocyclopentaquinoline,  256 
Dihydrodiacetylcollidine,  218 
Dihydrodiacetyllutidine,  218 
Dihydrodiazapyranthrene,  307 
Dihydrodibenzazepine,  326 
Dihydrodibenzazepinedione,  326 
Dihydrodibenzoxepindione,  326 
Dihydrodinaphthophenazinetetrone,  306 
Dihydrodioxoloisoquinoline,  254 
Dihydrodiphenylquinoxaline,  302 
Dihydrodiphenyltetrazine,  325 
Dihydroflavone,  185 
Dihydrofur  an,  22 
Dihydrofurandicarboxylic  acid,  21 
Dihydroharmine,  377 
Dihydrohydrastinine,  369 
Dihydrohydroxycodeinone,  360,  364 
Dihydrohydroxythebainone,  364 
Dihydroimidazole,  130 
Dihydroimidazopyridine,  269 
Dihydroindole,  63 ,71 
Dihydroisobenzofuran,  56 
Dihydroisoindole,  286 
Dihydroisoquinoline,  254 
Dihydroisoxazole,  120 
Dihydrolutidinedicarboxylic  acid,  218 
Dihydrometanicotine,  337 
Dihydromethylbenzoxazone,  274 
Dihydromethylisopropylquinoxaline,  303 
Dihydromorphine,  358 
Dihydronaphthofurandione,  259 
Dihydronaphthoxazine,  273 
Dihydronicotyrine,  338 
Dihydrooxadiazole,  164 
Dihydrooxazine,  272 
Dihydro5xazole,  137 
Dihy drooxobenzof ur ancarboxy lie  acid , 
54 

Dihydropapaverine,  366 
Dihydrophenanthridine,  264 
Dihydrophenarsazine,  317 
Dihydrophenazine,  305 
Dihydrophthalazine,  286 
Dihydropyrazine,  296,  298 
Dihydropyrazinodiquinoxaline,  302 
Dihydropyridazine,  283 
Dihydropyridazone,  284 
Dihydropyridol,  205 
Dihydropyridyls,  408 
Dihydropyrrole,  47 
Dihydroquinacridine,  263 
Dihydroquinacridone,  263 
Dihydroquinaldine,  243 
Dihydroquinazoline,  292,  298,  295 
Dihydroquinazolinethione,  296 
Dihydroquinoline,  230,  248 
Dihydroquinolinol,  230 
Dihydroquinolone,  245 
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Dihydroquinoxaline,  300,  802 
Dihydroquinoxalinol,  301 
Dihydroquinoxalone,  301 
Dihydroquinoxalophenazine,  315 
Dihydroquinoxaloquinoxaline,  302 
Dihydroscopoline,  344 
Dihydrosinomenine,  364 
Dihydrostrychnine,  379 
Dihydrostrychnoline,  379 
Dihydrotetrazine,  154,  156,  323,  824,  325 
Dihydrotetrazinedicarboxylic  acid,  157, 
325 

Dihydrothebacodine,  364 
Dihydrothebaine,  362 
Dihydrothebainone,  362,  364 
Dihydrothebanone,  364 
Dihydrothianaphthene,  57 
Dihydrothiazine,  277 
Dihydrothiazole,  142,  166 
Dihydroxyanthrapyridinequinone,  248 
Dihydroxyanthraquinonequinoline,  248 
Dihydroxy benzofuranone,  54 
Dihydroxybenzoquinolinequinone.  248 
Dihydroxybibenzofuran,  55 
Dihydroxychromone,  187 
Dihydroxycopyrine,  216 
Dihydroxycopyrinecarboxylic  acid,  216 
Dihydroxydimethylbiquinoline,  239 
Dihydroxydinicotinic  acid,  210,  217 
Dihydroxy diphenyltetrazolium  betaine, 
174 

Dihydroxyflavone,  187 
Dihydroxyflavonol,  188 
Dihydroxyflavylium  chloride,  182 
Dihydroxyindole,  78,  74 
Dihydroxyisonicotinic  acid,  217 
Dihydroxyisopropylpyridine,  205,  212 
Dihydroxyisoquinolinecarboxylic  acid, 

253 

Dihydroxjdepidine,  217 
Dihydroxymethylnicotinic  acid,  217 
Dihydroxy methylpyridineethanol,  212 
Dihydroxymethylquinolineethanol,  232 
Dihydroxymethyltetrahydrodibenzo- 
quinoline,  359 

Dihydroxynaphthoquinolincdione,  248 
Dihydroxynaphthoquinoxalinedione,  306 
Dihydroxynicotinic  acid,  217 
Dihydroxyphenazine,  809,  316 
Dihydroxyphenyltetrazolium  betaine,  172 
Dihydroxypicolinic  acid,  180,  199,  210, 
211,  217 

Dihydroxypyridinecarboxylic  acid,  200 
Dihydroxypyrimidine,  288,  290 
Dihydroxypyrimidinecarboxaldehyde, 

289 

Dihydroxypyrimidinecarboxylic  acid,  290 
Dihydroxyquinolinecarboxylic  acid,  243 
Dihydroxytetraphenylsuccinic  bislactone, 
408 

Dihydroxytropane,  344 
Dihydroxytropidine,  342 
Dihydroxyxanthone,  191 


Diiminourazole,  159 
Diindogen,  70 
Diiodofuran,  17 
Diiodofuroxan,  162 
Diisatogen,  74,  80 
Diisobutyloxadiazole,  164 
Diisonitrosoisoxazoline,  121 
Diisopropyloxadiazole,  164 
Diketyls,  419 

Dimercaptoisonicotinic  acid,  217 
Dimethoxybenzoyldimethoxyisoquino- 
line,  365 

Dimethoxybenzoylpyridinedicarboxylic 
acid,  365 

Dimethoxybenzyldimethoxyisoquinoline, 

365 

Dimethoxybisdimethylaminotetraphenyl- 
hydrazine,  436 

Dimethoxychlorotriazine,  319 
Dimethoxyisoquinoline,  255,  365 
Dimethoxyisoquinolinecarboxylic  acid, 

-  254,  365,  376 

Dimethoxymercaptotriazole,  319 
Dimethoxynitrotriphenylmethyl,  403 
Dimethoxyoxindigo,  56 
Dimethoxyphthalide,  358 
Dimethoxyquinolinediol,  350 
Dimethoxystrychnine,  380 
Dimethoxytriphenylmethyl,  403 
Dimethylacetylpyrrolecarboxylic  acid, 
36 

Dimethylacridone,  262 
Dimethylaminoazoantipyrine,  109 
Dimethylaminodimethylphenylpyrazo- 
lone,  107 

Dimethylaminohydroxyphenoxazone,  276 
Dimethylaminohydroxyphenoxazone- 
carboxylic  acid,  276 
Dimethylaminoindazole,  116 
Dimethylaminophenothiazine,  28 1 
Dimethylaminophenylacridine,  259 
Dimethylaminopyridine,  207 
Dimethylaminopyrimidine,  289,  290- 
Dimethylaminopyrimidol,  290 
Dimethylaminotoluphenazine,  309 
Dimethylapomorphimethine,  359 
Dimethylaziethane,  14 
Dimethylbarbituric  acid,  19 
Dimethylbenzidine,  437 
Dimethylbenzimidazole,  127,  183,  134 
Dimethylbenzimidazolinol,  135,  136 
Dimethylbenzimidazolone,  136 
Diraethylbenzisoxazole,  122 
Dimethylbenzocinnoline,  287 
Diraethylbenzodiazepine,  326 
Dimethylbenzodifurandicarboxylic  acid 
epter,  56 

Dimethylbenzofuran,  52 
Dimethylbenzofuranone,  54 
Dimethylbenzophenoxazime  chloride,  277 
Dimethylbiisoxazole,  120 
Dimethylbioxadiazole,  163,  164 
Dimethylbiphenoquinonediimine,  437 
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Dimethy  lbithiadiazole,  166 
Dimethylcarbazole,  87 
Dimethy lcarbethoxypy rrolemethanol ,  34 
Dimethylcarbopyridinecyanine  iodide, 

210 

Dimethy Icarbostyril,  229,  232 
Dimethylchloronicotinic  acid,  215 
Dimethylchloropyrimidine,  290 
Dimethylcinchomeronic  acid,  216 
Dimethylcinchoninic  acid,  242 
Dimethylconiine,  333 
Dimethylconiinium  iodide,  333 
Dimethy lcoumalic  acid,  178 
Dimethylcoumalin,  178 
Dimethylcoumarilic  acid,  52 
Dimethyldiaminoacridine,  260 
Dimethyldiaminotoluphenazine,  309 
Dimethyldianthraquinoyl,  307 
Dimethyldibenzoyldihydrotetrazine,  323 
Dimethyldicarboxypyrromethanedipro- 
pionic  acid,  39 

Dimethyldichloropyrimidine,  290 
Dimethyldiethyldicarboxypyrromethane, 
39 

Dimethyldiethylpyrrole,  32,  101 
Dimethy ldihydroacridine,  260 
Dimethyldihydrobenzodithiepin,  327 
Dimethyldihydroisoquinoline,  254 
Dimethyldihydropyrazinedicarboxylic 
acid  dianilide,  299 

Dimethyldihydropyridazinedicarboxylic 
acid,  284 

Dimethy ldihy dr oquinoline,  243 
Dimethyldihydroxyisopropylpyridine, 

212 

Dimethyldioxolanone,  88 
Dimethyldiphenyldihydrotetrazine,  323 
Dimethy  ldiphenylhy  dr  azine,  436,  437 

Dimethylditolylphenazine,  435 
Dimethylethylpseudoindole,  66 
Dimethylethylpyrrolecarboxaldehyde,  35 
Dimethylethylpyrrylmethylenedimethyl  - 
ethylpyrrolenine,  40 

Dimethylformylpyrrolecarboxylic  acid,  35 
Dimethylformylpyrrolepropionic  acid,  35 
Dimethylfuran,  15,  16,  20 
Dimethy lfurandi carboxylic  acid,  16,  20, 
21 

Dimethylfurazan,  160,  161 
Dimethylfuroic  acid,  20,  21 
Dimethy  lfuroxan,  161 
Dimethylgranatic  acid,  348 
Dimethy lhomophthalimide,  251 
Dimethylhydroxypyridinecarboxylic  acid, 
217 

Dimethy  lhydroxypyridinedi  carboxylic 
acid,  217 

Dimethylimidazole,  127,  378 
Dimethylimidazoline,  130 
Dimethylindazole,  115 
Dimethylindazolium  bromide,  116 
Dimethylindazolium  chloride,  116 
Dimethylindazolium  iodide,  115#. 


Dimethylindigo,  77,  84 
Dimethylindole,  62,  65 
Dimethylindolecarboxylic  acid,  67 
Dimethylindoline,  71 
Dimethylisonitrosopyrrole,  34 
Dimethylisopropylpyrazoline,  101 
Dimethy  lisoxazolone,  121 
Dimethylmaleic  acid  anhydride,  215 
Dimethy  lmethyliminothiazoline,  141 
Dimethylnicotinic  acid,  198, 215 
Dimethylnitropyrrolecar  boxy  lie  acid,  34 
Dimethylnitrosopyrazole,  96 
Dime  thy  lollepidine,  232 
Dimethylolquinaldine,  232 
Dimethyloxadiazole,  163, 164 
Dimethyloxalimide  chloride,  127,  128 
Dimethyloxazole,  137 
Dimethy  loxazolidine,  137 
Dimethyloxazoline,  137 
Dimethyloxindigo,  56 
Dimethy loxindole,  71 ,72 
Dimethyloxopyrancarboxylic  acid,  178 
Dimethy lphenazine,  305 
Dimethylphenazine  oxide,  305 
Dimethylphenosafranine,  314 
Dimethylphenoxazine,  275 
Dimethylphenyloxodihydropyridinecar- 
boxylic  acid,  217 
Dimethylphenylpiperidone,  223 
Dimethylphenylpyrazolium  iodide,  95 
Dimethylphenylpyrazolone,  106 
Dimethy lphenylpyrimidine,  289 
Dimethylphenylurazole,  159 
Dimethylpiperazine,  299 
Dimethylpiperazinedione,  299 
Dimethylpiperidine,  222 
Dimethy lpiperidinium  iodide,  48,  221 
Dimethylpseudoindole,  71 
Dimethylpyrazine,  297 
Dimethylpyrazinedicarboxylic  acid,  298 
Dimethylpyrazole,  93,  94,  95,  96, 100 
Dimethylpyrazolecarboxaldehyde,  98 
Dimethy lpyrazolecarboxy lie  acid,  100 
Dimethylpyrazolidine,  110 
Dimethy lpyrazolol,  98 
Dimethylpyridazine,  283 
Dimethylpyridazinedicarboxylic  acid,  283 
Dimethy lpyridine,  204 
Dimethylpyridinedicarboxylic  acid,  216 
Dimethylpyridinemethanol,  212 
Dimethy lpyridinethiol,  211 
Dimethylpyridinetricarboxylic  acid,  216 
Dimethylpyridinium  iodide,  224 
Dimethylpyridone,  178,  209 
Dimethylpyridonedicarboxylic  acid,  209 
Dimethy lpyrimidine,  289 
Dime  thy  lpyrimidol,  289 
Dimethy lpyrone,  178,  179,  209 
Dimethylpyrone  potassium,  416 
Dimethylpyronedi  car  boxy  lie  acid,  180, 
217 

Dimethylpyrrole,  15,  32,  44 
Dimethy lpyrrolecarboxaldehyde,  35,  44 
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Dime  thy  lpyrrolecarboxy  lie  acid,  37 
Dimethylpyrroledicarboxylic  acid,  32,  34, 
36,37 

Dimethylpyrrolepropionic  acid,  37 
Dimethylpyrrolidine,  49 
Dimethylpyrrolidinium  iodide,  48 
Dimethylpyrrolidinylacetone,  331 
Dimethylpyrroline,  47 
Dimethylpyrrolinium  iodide,  47 
Dimethylquinazoline,  292 
Dimethylquinoline,  232 
Dimethylquinolinol,  349 
Dimethylquinoxaline,  298,  SOI 
Dimethylquinoxalinol,  302 
Dimethylquinoxalone,  303 
Dimethylresorufin,  276 
Dimethylselenadiazole,  166 
Dimethylselenophene,  28 
Dimethyltetrahydroisoquinolinium  io¬ 
dide,  255 

Dimethyltetrahydropyridine,  219 
Dimethyltetrahydropyronedicarboxylic 
acid,  180 

Dimethyltetrahydroquinoline,  349 
Dimethyltetramethoxydiphenylnitric 
oxide,  427 

Dimethyltetrazine,  324 
Dimethyltetrazole,  172 
Dimethyltetrazolopyrimidine,  291 
Dimethylthiadiazole,  166 
Dimethylthiazole,  140 
Dimethylthiazolecarboxylic  acid,  141 
Dimethylthienylmethanol,  27 
Dimethylthienyl  methyl  ketone,  27 
Dimethylthiophene,  15,  24,  25 
Dimethyltriazole,  147,  148,  155 
Dimethyltriazolopyridazine,  156 
Dimethyltriazolopyrimidine,  291 
Dimethyluracil,  290 
Dimethylvinylpyrrolecarboxylic  acid, 

37 

Dimethylxanthene,  189 
Dinaphthalene  oxide,  85 
Dinaphthofuran,  85 
Dinaphthophenazine,  306 
Dinaphthoxanthene,  189 
Dinaphthylnitrogen,  435 
Dinaphthyltetrazine,  324 
Dinicotinic  acid,  216 
Dinitrocarbazole,  87 
Dinitrodibenzofuran,  85 
Dinitrodihydroxyquinolinecarboxylic 
acid,  380 

Dinitrodiphenylnitric  oxide,  426 
Dinitrofuran,  17 
Dinitroindigo,  77 
Dinitroindole,  66 
Dinitrophenothiazine,  279 
Dinitrophenothiazine  oxide,  279 
Dinitrophenoxazine,  275 
Dinitrophenyldihydrophenazine,  314 
Dinitrophenylhydroxytriazolecarboxylic 
acid,  150 


Dinitrophenylpyridinium  chloride,  201, 
231 

Dinitropiperazine,  299 
Dinitropyridol,  207 
Dinitropyrrole,  34 
Dinitropyrroledicarboxylic  acid,  34 
Dinitrotetraphenylhydrazine,  436 
Dinitrothiophene,  24,  26 
Dinitrotriphenylmethyl,  403 
Dioxane,  270 
Dioxanedione,  270 
Dioxindole,  73 
Dioxine,  270 
Dioxoanthroxazole,  140 
Dioxodihy  dropyrindenecar  boxy  lie  acid , 
237 

Dioxodihydrothianaphthene,  59 
Dioxohexahydropyridazine,  284 
Dioxolanone,  88 
Dioxoloisoquinoline,  251,  369 
Dioxopenthiazolidine,  277 
Dioxopyrrolidine,  50 
Dioxotetrahydrofuran,  22 
Dioxotetrahydrofurandicarboxylic  acid, 
22 

Dioxotetrahydroisoquinoline,  255 
Dioxotetrahydronaphthalene  oxide,  12 
Dioxotetrahydropyridazine,  284 
Dioxotetrahydroquinazoline,  295 
Dipentadecyloxadiazole,  164 
Diphenacylmethylpiperidine,  224 
Diphenanthracridine,  259 
Diphenic  acid  anhydride,  326 
Diphenic  acid  imide,  326 
Diphenoxydiphenanthryl  peroxide,  447 
Diphenylacetylhydrazyl,  441 
Diphenylacridyl,  406 
Diphenylamine  sulfoxide,  279 
Diphenylaminoindazole,  116 
Diphenylaminooxazoline,  138 
Diphenylaminotriazine,  318,  319 
Diphenylaminotriazole,  150 
Diphenylanilinodihydrotriazole,  156 
Diphenylanisylmethylchromenyl,  407 
Diphenylanthracene,  414 
Diphenylbenzidine,  435,  438 
Diphenylbenzopyranol,  184 
Diphenylbenzopyrylium  chloride,  182 
Diphenylbenzoylhydrazyl,  441 
Diphenylbenzylchromenyl,  407 
Diphenylbiimidazolone,  131 
Diphenylbioxadiazole,  164 
Diphenylbiphenoquinonediimonium  sul¬ 
fate,  436 

Diphenylbiphenylylmethyl,  401 
Diphenylbithiadiazole,  166 
Diphenylbromonaphthylmethyl,  402 
Diphenyl  butanebisdiphenylmethyl  ,414 
Diphenylbutylmethyl,  409 
Diphenylcarboxytetrazolium  chloride, 

174 

Diphenyl chlorophenylhy drazy  1 ,  440 
Diphenylchlorotriaznie,  318 
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Diphenylchlorotriazole,  155 
Diphenylcinchoninic  acid,  242 
Diphenyldiarsine,  317 
Diphenyldiazomethane,  443 
Diphenyldibenzodiazocine,  328 
Diphenyldicar  bethoxypropane  ,414 
Diphenyldicarboxybenzodipyrazolone, 

118 

Diphenyldihydrofuran,  22 
Diphenyldihydrophenazine,  307 
Diphenyldihydropyrazine,  298,  299 
Diphenyldihydropyrindene,  237 
D  iph  enyldihy  dr  otetrazep  inedione  ,327 
Diphenyldihydrotetrazine,  323,  324 
Diphenyldihydrotriazinedione,  320 
Diphenyldihydrotriazone,  319 
Diphenyldimethylbitriazole,  157 
D  iphenyldimethyldihy dropyr az  i  ne ,  298 
Diphenyldimethylpyrazine,  298 
Diphenyldimethyltetrahydropyrone,  180 
Diphenyldiphenoquinoxaline,  328 
Diphenyl  disulfide,  452,  J+53 
Diphenylditolylhydrazine,  436 
Diphenylene  disulfide,  270 
Diphenylene  oxide,  51 
Diphenylene  sulfide,  51,  86 
Diphenylene  sulfone,  86 
Diphenylenimine,  86 
Diphenylethinyltetraphenylethane,  408 
Diphenylethylene,  414 
Diphenylfluorindine,  315 
Diphenylfuran,  16 
Diphenylfurazan,  160 
Diphenylfuroxan,  162 
Diphenylhexahydropyrimidine,  291 
Diphenylhydroxypyrazolidone,  111 
Diphenylimidazole,  127,  128,  137 
Diphenylimidazolethiol,  128 
Diphenylimidazolone,  131 
Diphenylindigo,  84 
Diphenylindole,  62,  65 
Diphenylindone  sodium,  420 
Diphenylisonicotinic  acid,  215 
Diphenylisoxazole,  119 

Diphenylmethanebisdiphenylmethyl ,  413 
Diphenylmethane  sulfone,  194 
Diphenylmethyl,  406 
Diphenylmethylbenzeneazopyr azole,  97 
Diphenylmethylbipyr  azole,  109 
Diphenylmethylethylimidazole,  125 
Diphenylmethylimidazoline,  130 
Diphenylmethylisopropylbenzofuran,  53 
Diphenylmethylpyr azole,  92,  95 
Diphenylmethylpyrazolecarboxylic  acid, 
100 

Diphenylmethylpy  r  azoleindigo  ,105 
Diphenylmethyltriazine,  318 
Diphenylnaphthylchromenyl,  407 
Diphenylnaphthylmethyl,  402 
Diphenylnaphthylmethyl  peroxide,  402 
Diphenylnitric  oxide,  425,  427 
Diphenylnitrogen,  434 
Diphenylnitroindazole,  115 


Diphenyloxadiazole,  160,  163,  164,  325 
Diphenyloxadiazole  oxide,  163 
Diphenyloxazole,  128,  137 
Diphenylphenoxymethyl,  421 
Diphenylphenyliminothiadiazoline,  166 
Diphenylpiperazine,  299 
Diphenylpiperazinedione,  79,  299 
Diphenylpiperidine,,  222 
Diphenylpyrazine,  297,  298,  299 
Diphenylpyrazinone,  299 
Diphenylpyrazole,  95 
Diphenylpyrazolecarboxylic  acid,  99,  100 
Diphenylpyrazoledione,  105 
Diphenylpyrazoline,  102 
Diphenylpyrazolone,  105,  108,  111 
Diphenylpyridazine,  283 
Diphenylpyridine,  205 
Diphenylpyridinecarboxylic  acid,  205 
Diphenylpyridone,  209 
Diphenylpyrone,  179 
Diphenylpyrrolidine,  49 
Diphenylquinolylmethane  dyes,  240 
Diphenylquinoxaline,  300,  302,  303 
Diphenylselenadiazole,  165,  166 
Diphenylselenophene,  28 
Diphenylsulfonylbenzimidazoline,  135 
Diphenyltetrabenzylethane,  410 
Dipheuyltetrahydropyrone,  180 
Diphenyltetrahydropyronedicarboxylic 
acid,  180 

Diphenyltetrahydroquinoxaline,  303 
Diphenyltetrahydrotetrazepinone,  327 
Diphenyltetrazine,  172,  324,  325 
Diphenyltetrazole,  172,  174 
Diphenyltetrazolium  chloride,  174 
Diphenyltetrazolium  hydroxide,  174 
Diphenylthiadiazole,  165,  166 
Diphenyl  thiapyranone,  193,  194 
Diphenylthiapyrone,  194 
Diphenylthiazole,  140 
Diphenylthienylmethanol,  27 
Diphenylthioindigo  white,  422 
Diphenyl thionine  chloride,  280 
Diphenyl  thiophene,  23,  25 
Diphenyltolylmethyl,  401 
Diphenyltriazine,  318 
Diphenyl triazinecarboxy lie  acid,  318 
Diphenyl triazinol,  318,  319 
Diphenyltriazole,  148,  155,  172 
Diphenyltriazolecarboxaldehyde,  148 
Diphenyltriazolethione,  158 
Diphenyltriazolol,  150 
Diphenyltriazolone,  150 
Diphenyl trinitrophenylhydrazyl,  439,  440 
Diphenylvinylxanthyl,  406 
Diphenylxanthene,  189 
Diphenylxenylmethyl,  401 
Dipicolinic  acid,  216 
Dipiperidylethane,  222 
Dipiperidylpropane,  222 
Dipiperidyltetrazone,  221 
Dipropyloxadiazole,  164 
Dipyridacridine,  262 
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Dipyridinium  radicals,  425,  429 
Dipyridonium  radicals,  429 
Dipyridylamine,  208 
Dipyridylurea,  207 
Dipyrroyl,  31 
Dipyrryl  ketone,  31,  86 
Dipyrrylmethane,  34 
Dipyrrylmethene,  35 
Diquinacridine,  263 
Diquinolylmethane,  234 
Diquinolylquinoline,  234,  241 
Diquinoylmethane,  235 
Disalicylide,  327 
Distyrylpyridine,  206 
Dithiadiazoledisulfide,  168 
Dithiane,  270 
Dithiazine,  322 

Dithiazolylphenylmethane,  141 
Dithienyl,  24,  26 
Dithienylethane,  26 
Dithienylethylene,  26 
Dithienyl  ketone,  24,  27 
Dithienylmethane,  24,  26 
Dithienylphenylmethane,  26 
Dithioaryl  nitrogens,  433,  443 
Dithiolanethione,  88 
Dithiourazole,  159,  167 
Ditolylenimine,  87 
Ditolylnitric  oxide,  426 
Ditolylnitrogen,  434 
Ditolyltetrazine,  324 
Ditrityl,  413 
Ditritylbutane,  414 
Ditritylyldicarbethoxypropane,  414 
Ditritylethane,  413 
Ditritylmethane,  413 
Divicine,  290 

Divinyltetramethylporphinedipropionic 
acid,  44 
Dixanthyl,  189 
Dixanthyls,  410 

Dixanthyldicarboxylic  acid,  189 
Dixanthylene,  414 
Dixanthylurea,  190 
Dixenylbutylmethyl,  410 
Duboisia  myoporoides,  340 
Dyes,  fluorescein,  190 
Dyes,  rhodamine,  190 
Dyes,  rosamine,  190 

E 

Ecgonine,  50,  225,  342,  344,  845,  346 

Ecgonine  ethyl  ester,  346 

Ecgonine  methyl  ester,  344,  347 

Ecgoninic  acid,  50,  345 

Echinopsine,  349 

Echinops  ritro,  349 

Edestin,  50 

Ehrlich’s  reagent,  30 

Emetamine,  376 

Emetine,  376,  377 

Endoiminodihydrotriazole,  156 


Endooxydihydrotriazole,  156 
Endothiodihydrotriazole,  156 
Ephedrine,  329 
Epilupinine,  340 
Epiosin,  134 
Ergot,  129,  383 
Ergotamine,  383 
Ergotaminine,  383 
Ergotinine,  383 
Ergotoxine,  383 
Eriodictyol,  189 
Eriodictyon  californicum,  189 
Erythroxylon  coca,  344 
Esculetin,  51 
Ethenylaminophenol,  139 
Ethenylbenzenylazoxime,  163 
Ethenyltetramethylenamidine,  326 
Ethoxy benzofur an,  53 
Ethoxybenzothiazole,  145 
Ethoxybenzoxazole,  139 
Ethoxydiaminoacridine  lactate,  260 
Ethoxydimethoxyflavanone,  185 
Ethoxylepidine,  239 
Ethoxylutidine,  209 
Ethoxymethylbenzimidazole,  136 
Ethoxyphenanthroxyl,  446,  447 
Ethoxypyridine,  209 
Ethoxypyronedicarboxylic  acid,  217 
Ethoxy  quinoline,  239 
Ethyl,  388,  41% 

Ethylaminoacridine,  260 
Ethyl  aminophenylindole,  66 
Ethylaminothiatriazole,  169 
Ethylbenzoxazolone,  139 
Ethylcarbazole,  87 
Ethylchlorophthalazine,  286 
Ethyldihydroacridine,  260 
Ethyldihydrobenzodiazepinone,  327 
Ethyldimethylbenzimidazole,  133 
Ethyldimethylpyrazole,  94,  95 
Ethyldimethylpyrrole,  32 
Ethyldimethylpyrrolecarboxaldehyde,  33 
Ethylenebenzamidine,  130 
Ethylene  ethylidene  disulfide,  88 
Ethylene  ethylidene  ether,  88 
Ethylene  oxide,  4,  12 
Ethylenepseudoselenourea,  146 
Ethylenepseudourea,  142 
Ethylene  sulfide,  12 
Ethylenethiourea,  14 
Ethylenetrimethylenediamine,  326 
Ethyleneurea,  14 
Ethylenimine,  5,  12 
Ethylhexahydro aniline,  71 
Ethylhydrocarbostyril,  327 
Ethylhydrocupreine,  355 
Ethylhydroxyisocarbostyril,  254 
Ethylidenetrimethylindoline,  65 
Ethylimidazole,  127 
Ethylimidazoline,  130 
Ethylindazole,  115 
Ethylindazolone,  117 
Ethylindole,  65 
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Ethylindotfyl,  70 
Ethylindoxylic  acid,  70,  76 
Ethylisatin,  66,  75 
Ethylisatin  ethyl  oxime,  76 
Ethylisocarbostyril,  251,  253 
Ethylisoquinoline,  251 
Ethylmercaptopyrimidine,  289 
Ethylmercaptothyminecarboxa  dehyde 
diethylacetal,  291 

Ethylmethylbromopyrrylmethylene- 
dimethylethylpyrrolenine,  42 
Ethylmethylfurazan,  160 
Ethylmethylimidazole,  127 
Ethylmethyloxalimide  chloride,  128 
Ethylmethylpiperidine,  223 
Ethylmethylpyrazole,  94 
Ethylmethylpyridine,  205 
Ethylmethylpyrrole,  32,  43 
Ethylmethylpyrrolepropionic  acid,  38 
Ethylmethy  1  tetr  ahy  dropy  ridine  ,219 
Ethylnicotinic  acid,  216 
Ethyloxindole,  72 
Ethylphenanthridine,  264 
Ethylphenazinium  iodide,  310 
Ethylphenylmethylpyrazolone,  106 
Ethylphenylpyrazole,  94 
Ethylphthalazine,  286 
Ethylphthalazone,  287 
Ethylpicolinic  acid,  204 
Ethylpiperidine,  221,  222 
Ethylpiperidinecarboxaldehyde,  224 
Ethylpiperidineethanol,  224 
Ethylpiperidinemethanol,  213,  224,  334 
Ethylpyridine,  204,  205,  212,  342 
Ethylpyridinediol,  210 
Ethylpyridinemethanol,  212 
Ethylpyridone,  209 
Ethylpyrimidine,  289 
Ethylpyrrole,  31,  32 
Ethylpyrrolidine,  49 
Ethyl  pyrryl  ketone,  36 
Ethyl  quinoline,  232 
Ethylquinolinium  iodide,  230,  232,  238 
Ethylquinolone,  235 
Ethylquinuclidine,  224 
Ethyl  red,  235 

Ethyltetrahydroisoquinoline,  255 
Ethyltetrahydropyridine,  219 
Ethyltetrahydropyridinecarboxaldehyde, 
220 

Ethyltetrazole,  172 

Ethylthiophene,  27 

Ethyltriazolethiol,  156 

Ethyltrimethylpyrrole,  32 

Etioporphyrin,  41,  42,  43,  44,  46,  47 

Eucaine,  225 

Eucodal,  360 

Eucupine,  356 

Euphthalmine,  223 

Euporphine,  359 

Eurhodine,  303,  308 

Eurhodol,  308,  309 

Euxanthinic  acid,  191 


Euxanthone,  191 
Evodiamine,  378 
Evodia  rutaecarpa,  378 

F 

Fiehe  reaction,  19 
Fischer’s  indole  synthesis,  32 
Fisetin,  186,  188 
Flavaniline,  233 
Flavanone,  185,  188 
Flavanthrene,  307 
Flavanthrine,  307 
Flavene,  181 
Flavenol,  233 
Flavianic  acid,  129 
Flavinduline,  310,  312 
Flavone,  185,  187 
Flavonol,  55,  186,  188 
Flavylium  chloride,  182 
Flavylium  compounds,  181 
Flower  pigments,  182 
Fluoflavin,  302 
Fluoran,  190,  193 
Fluorenequinoline,  248 
Fluorenyls,  404 
Fluorime,  190 
Fluorindine,  315 
Fluorone,  190 
Fluorubine,  302 
Formoguanamine,  318 
Formylcryptopyrrolecarboxylic  acid,  35 
Formyldihydroxypyridinecar  boxy  lie 
acid,  217 

Formylfuroic  acid,  20 

Formylhemopyrrolecar  boxy  lie  acid,  35 

Formylmethylpyrrolepropionic  acid,  35 

Formylopsopyrrolecarboxylic  acid,  35 

Formylpyrrole,  32 

Fructofuranose,  22 

Fulminates,  422 

Fumarimide,  196 

Furaldehyde,  7,  16,  17 

Furaldoxime,  20 

Furan,  14,  15,  16,  22,  75,  89,  90 

Furanacrolein,  18 

Furanacrylic  acid,  18 

Furandicarboxylic  acid,  20,  21 

Furanethylamine,  17 

Furanmethanol,  16 

Furanmethylamine,  17 

Furanoses,  177 

Furanprop ionic  acid,  17,  18 

Furazan,  6,  89,  160 

Furazancarboxylic  acid,  161 

Furazandicarboxylic  acid,  161 

Furazanpropionic  acid,  161 

Furfur,  17 

Furfural,  7,  17 

Furfuraldoxime,  17 

Fur  fur  an,  16 

Furfurin,  19,  130 

Furfuryl  alcohol,  16 
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Furfurylbutyric  acid,  18 
Furfurylideneacetone,  18 
Furfurylideneacetophenone,  18 
Furfurylidenebutyric  acid,  18 
Furfurylidenediacetophenone,  18 
Furfurylidenelevulinic  acid,  18,  52 
Furfurylidenemalonic  acid,  18 
Furfurylidenesuccinic  acid,  18 
Furil,  18 
Furilic  acid,  18 
Furodiazole,  160 
Furoic  acid,  16,  17,  20,  21 
Furoin,  17,  18 
Furonaldehyde,  18 
Furonic  acid,  18 
Furonitrile,  17 ,20 
Furoxan,  161 

Furoxancarboxylic  acid,  162 
Furoxandicarboxaldehyde,  162 
Furoxandicarboxylic  acid,  162 
Furoylacetic  acid,  19,  22 
Furoylglycine,  17-,  20 
Furylacetic  acid,  21 
Furylacetone,  19 
Furylangelic  acid,  18 
Furyl  methyl  ketone,  19 
Furyltetrazole,  172 
Furyl  valeric  acid,  18 

G 

Galanga  root,  188 
Galangin,  188 
Galipea  cusparia,  350 
Galipine,  239,  850 
Galipoline,  350 
Gallocyanine,  276 
Gallocyanine  dyes,  276 
Gelatin,  49,  50 
Genisteine,  339 
Gentiana  lutea,  191 
Gentisein,  191 
Gentisin,  191 
Glaucine,  371 
Glaucium  luteum,  371 
Glauconic  acid,  243 
Gliadin,  49 
Glucofuranose,  22 
Glucose,  177 

Glutaconimide,  196,  206,  208,  210 
Glutaric  anhydride,  4,  175 
Glutarimide,  5 
Glutazine,  211 
Glycocyamidines,  131 
Glycosine,  127 
Glyoxaline,  124 , 

Glyoxaline  red,  131 
Glyoxalosotetrazine,  323 
Gnoscopine,  866,  368 
Goldschmidt-Schlenk  principle,  439 
Granatal,  349 
Granatanine,  269,  348 
Grape  sugar,  127 


Guanazine,  159 
Guanazole,  159 
Guvacine,  381,  332 
Guvacoline,  332 

H 

Harmaline,  330,  377 
Harmalol,  377 
Harman,  377 

7  i 

Harmeline,  266 

Harmine,  266,  330,  377,  378 

Harmol,  377 

Harmyrine,  266 

Hematinic  acid,  38,  39 

Hematoporphyrin,  45 

Hematoxylin,  192 

Hemin,  33,  38,  40,  41,  42, 44,  45 

Hemipyocyanine,  809,  313 

Hemlock,  332,  334 

Hemoglobin,  38,  129 

Hemoj^lrole,  82,  33 

Hemopyrrolecarboxaldehyde,  35 

Hemopyrrolecarboxylic  acid,  87,  39,  40  , 

Hemp,  331 

Henbane  leaves,  340 

Herapathite,  351 

Heroine,  358 

Herzynine,  130 

Hesperidin,  189 

Hesperitin,  189 

Hexacyclohexyldistannane,  424 
Hexahydroazepine,  326 
Hexahydroazepinone,  326 
Hexahydrobenzodipyrazolone,  118 
Hexahydrobenzoquinolizine,  246 
Hexahydrobrucine,  380 
Hexahydrocarbazole,  88 
Hexahydrocinchomeronic  acid,  224,  225, 
353 

Hexahydrocyclopentaquinoline,  256 
Hexahydrodiazepine,  326 
Hexahydrodibenzofuran,  85 
Hexahydrohomophthalimide,  256 
Hexahydrolutidinedicarboxylic  acid,  218 
Hexahydrometanicotine,  337 
Hexahydronaphthoxazine,  274 
Hexahydronicotine,  337 
Hexahydropyrazine,  297,  299 
Hexahydropyridine,  220 
Hexahydroquinoline,  230,  244,  245 
Hexahydroquinolinic  acid,  224 
Hexahydroxyflavylium  chloride,  182 
Hexamethoxydiphenylnitric  oxide,  427 
Hexamethyldistannane,  424 
Hexamethylenimine,  220,  326 
Hexaphenylethane,  388,  390,  401 
Hexaphenylsilicoethane,  423 
Hexaphenyltetrazane,  439 
Hexoses,  19,  22,  127 
Hirsutidin  chloride,  182 
Histamine,  128,  129 
Histidine,  7,  124, 128,  129 
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Histidine  peptides,  129 
Homatropine,  341 
Homocincholoipone,  356 
Homoeriodictyol,  189 
Homofumarimide,  196 
Homomyristicylamine,  368 
Homophthalimide,  252,  255 
Homopilopic  acid,  378  , 

Homopiperazine,  326 
Homopiperidinic  acid,  220 
Hordenine,  329 
Hydantoin,  68,  131 
Hydrastine,  249,  256,  368,  374 
Hydrastinic  acid,  369 
Hydrastinine,  369 
Hydrastinine  hydriodide,  254 
Hydrastininol,  369,  371 
Hydrastis  canadensis,  368,  374 
Hydrazinium  salts,  425, 431 
Hydrazinobenzoic  acid  lactazam,  117 
Hydrazinolepidine,  237 
Hydrazinolutidine,  208 
Hydrazinonicotinic  acid,  214 
Hydrazinopyridine,  174,  208 
Hydrazinopyrine,  107 
Hydrazinoquinaldine,  237 
Hydrazinoquinoline,  237 
Hydrazinotetrazole,  173 
Hydrazipyrazolonecarboxylic  acid,  109 
Hydrazobenzene,  451 
Hydrazolepidine,  237 
Hydrazoquinoline,  236,  237 
Hydrazotetr  azole,  173 
Hydrazulmine,  14 
Hydrazyls,  389 
Hydrindantin,  419 
Hydrine,  330 
Hydroantipyrine,  111 
Hydrobenzimidazole,  135 
Hydrobromoscopoline,  344 
Hydrocarbostyril,  226,  2J+5 
Hydrocinchonidine,  352 
Hydrocinchonine,  351, 352 
Hydrocoumarilic  acid,  54 
Hydrocupreine,  353 
Hydroecgonidine,  34-5,  346 
Hydroecgonine  amide,  345 
Hydrofur  amide,  17 ,19 
Hydrofuronic  acid,  18 
Hydroglauconic  acids,  243 
Hydrohydrastinine,  251,  369 
Hydroisocarbostyril,  255 
Hydron  blue  dyes,  87 
Hydroquinidine,  352 
Hydroquinine,  352 
Hydroquinoxaline,  301 
Hydrotropidine,  34-3,  343 
Hydrotropilidenecarboxylic  acid,  346 
Hydroxyantipyrine,  108 
Hydroxybenzofuran,  52 
Hydroxybenzopyrylium  salts,  181 
Hydroxybenzoquinoline,  237 
Hydroxyberberine,  372,  373, [374 


Hydroxybinaphthylene  oxide,  449 
Hydroxybinaphthyl  ether,  450 
Hydroxycarbostyril,  239 
Hydroxy  chlorolepidine,  216 
Hydroxychlororaphine,  309 
Hydroxychromone,  187 
Hydroxycinchonidine,  352 
Hydroxycinchoninic  acid,  242 
Hydroxycinnolinecarboxylic  acid,  285 
Hydroxycodeine,  360 
Hydroxycodeinone,  363 
Hydroxycotarnine,  367 
Hydroxy  cytosine,  349 
Hydroxydiethylphenylquinoline,  356 
Hydroxydiethylphenylquinolinol,  356 
Hydroxydihydrocinchonine,  352 
Hydroxydihydropyridine,  201 
Hydroxy  dihydroquinoline,  231 
Hydroxydihydroquinoxaline,  301,  303 
Hydroxy  dihydrothiapyrancarboxy  lie 
acid,  193,  194 

Hydroxydimethylnicotinic  acid,  199 
Hydroxydiphenylacetic  acid  lactone,  52, 
54 

Hydroxydiphenylpyrazolone,  105 
Hydroxydipicolinic  acid,  209,  217 
Hydroxyflavone,  186 
Hydroxyfurfural,  17 
Hydroxyimidazolepropionic  acid,  129 
Hydroxyindole,  69 

Hydroxyindolecarboxylic  acid,  67,  69, 

71,  8  i 

Hydroxyindolone,  73 
Hydroxyisatin,  73 
Hydroxyisatoxime,  73 
Hydroxyisocarbostyril,  252,  253 
Hydroxyisoquinolinecarboxylic  acid,  253 
Hydroxylaminomandelic  acid  anhydride, 
73 

Hydroxylepidinic  acid,  217 
Hydroxylupanine,  339 

Hydroxymethyldimethylpyridineethanol, 

212 

Hydroxymethylfurfural,  19 
Hydroxymethylimidazole,  128,  129 
Hydroxymethylmethylquinolineethanol, 
232 

Hydroxymethylmorphimethine,  360 
Hy  dr  oxy  methylpy  ridineethanol  ,212 
Hydroxymethylquinolineethanol ,  232 
Hydroxymethylthiazolecarboxylic  acid, 
142 

Hydroxymethylthiophene,  23,  27 
Hydroxynaphthoquinoline,  247 
Hydroxynaphthyldiphenylmethyl,  403 
Hydroxynicotinic  acid,  178,  209,  214,  217 
Hydroxynitrobenzisoxazole,  122 
Hydroxyoxadiazinedicarboxylic  acid,  322 
Hydroxyoxindole,  66,  72,  73,  74,  75,  78, 
83 

Hydroxyoxindolecarboxylic  acid,  73 
Hydroxyoxocyclohexadienylidenepseudo- 
indoxyl,  77  t 
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Hydroxyphenanthrofuran,  360 
Hydroxyphenazine,  308,  309,  313 
Hydroxyphenothiazine,  281 
Hydroxyphenothiazone,  282 
Hydroxyphenoxazime,  277 
Hydroxyphenoxazone,  275,  276 
Hydroxyphenylacetic  acid  lactone,  53 
Hydroxyphenylbenzoxazole,  139 
Hydroxyphenyldiphenyltetrazolium 
chloride,  174 

Hydroxyphenylglyoxylic  acid  lactone,  55 
Hydroxyphenylindole,  71 
Hydroxyphenylmethylpyrazolone,  105, 
108 

Hydroxyphenylmethylquinoline,  233 
Hydroxyphenylpyridazine,  283 
Hydroxy pheny lquinolinecarboxy lie  acid , 
229 

Hydroxypicolinic  acid,  209,  217 
Hydroxyproline,  7,  60 
Hydroxypseudoindoxyl,  73 
Hydroxypseudoindoxylcarboxylic  acid,  73 
Hydroxypyrazole,  107 
Hydroxypyrazolecarboxylic  acid,  109 
Hydroxypyrazoledicarboxylic  acid,  98 
Hydroxy  pyridine,  177 
Hydroxypyridinecarboxylic  acid,  217 
Hydroxypyridinedicarboxylic  acid,  180, 
217 

Hydroxypyrimidine,  288,  289,  291 
Hydroxypyrimidinecarboxaldehyde,  289, 

291 

Hydroxypyrimidinecarboxylic  acid,  290 
Hydroxypyrone,  179 
Hydroxypyronecarboxylic  acid,  180,  217 
Hydroxypyronedicarboxylic  acid,  180, 
358 

Hydroxypyrrolidinecarboxylic  acid,  50 
Hydroxyquinacridone,  263 
Hydroxyquinaldine,  227,  239 
Hydroxyquinazoline,  292,  293 
Hydroxy  quinoline,  226 
Hydroxyquinolineacetic  acid,  243 
Hydroxyquinolinecarboxylic  acid,  68,  238, 
242,  243 

Hydroxy  quinolinic  acid,  209,  217 
Hydroxyquinolinium  bases,  230 
Hydroxyquinoxalinecarboxylic  acid,  302 
Hydroxyrubane,  356 
Hydroxysparteine,  339 
Hydroxytetrazole,  172 
Hydroxythianaphtheneamine,  59 
Hydroxythianaphthenecarboxaldehyde, 
58 

Hydroxythianaphthenecarboxylic  acid, 
57,  68 

Hydroxy  thiophene,  27 
Hydroxythiotolene,  27 
Hydroxytriazole,  148,  150,  156 
Hydroxytriazolecarboxylic  acid,  160,  158 
Hydroxytriazoledicarboxylic  acid,  152 
Hydroxytrichlorobenzotriazole,  149 


Ilydroxytrichloromethylbenzofurancar- 
boxylic  acid,  54 

Hydroxytrimethyldihydroquinoline,  243 
Hydroxytriphenylmethyl,  403,  404 
Hydroxyxanthene,  189 
Hydroxyxanthone,  189, 191 
Hygrine,  49,  331,  345 
Hygrinic  acid,  49,  331,  337 
Hyoscine,  340,  343 
Hyoscyamine,  340, 341, 344 
Hyoacyamus  olbus,  340 
Hyoacyamus  niger,  340 
Hypaconitine,  383 
Hypoxanthine,  290 

I 

Imabenzil,  128 
Imesatins,  75 

Imidazole,  5,  89, 124, 127,  128,  129 
Imidazoleacetic  acid,  129 
Imidazolecarboxylic  acid,  129 
Imidazolechloromalonic  ester,  129 
Imidazolechloropropionic  acid,  129 
Imidazoledicarboxylic  acid,  128,  132,  133 
Imidazoleethylamine,  128, 129 
Imidazolelactic  acid,  129 
Imidazolepropionic  acid,  129 
Imidazolesulfonic  acid,  128 
Imidazolethiol,  125,  127, 128 
Imidazolidone,  14 
Imidazoline,  130 
Imidazolone,  131 
Imidazopyridine,  269 
Iminobenzothiazoline,  144,  145 
Iminobenzoxazoline,  139 
Iminocoumazone,  273,  278 
Iminocoumothiazone,  278 
Iminodibenzyl,  326 
Iminodihydrobenzothiazine,  278,  294 
Iminodihydrobenzothiazone,  278 
Iminodihydrobenzoxazine,  273,  295 
Iminodihydropyridine,  269 
Iminodihydropyridineacetic  acid,  269 
Iminodihydrquinoline,  236 
Iminodihydrothiadiazine,  322 
Iminodithiazolidinethione,  166 
Iminoglutarimide,  211 
Iminoisophenothiazine,  280 
Iminooxadiazoline,  164 
Iminooxazolidine,  138 
Iminopyrazolone,  105 
Iminopyrine,  106,  107,  109 
Iminotetrahydroselenazole,  146 
Iminothiadiazolidone,  167 
Iminothiadiazoline,  167 
Iminothiadiazolinethiol,  167 
Iminothiazolidone,  143 
Iminothiazolidoneacetic  acid,  143 
Iminothiazoline,  141 
Iminothiourazole,  159 
Immedial  black,  282 
Immedial  pure  blue,  282 


INDEX 


477 


Indamine,  279,  308 
Indanone  oxime,  245 
Indanthrene,  306 
Indazine,  315 
Indazole,  112  ff.,  115,  117 
Indazoleacetic  acid,  117 
Indazolecarboxylic  acid,  117 
Indazoledicarboxylic  acid,  117 
Indazoletriazolene ,  116 
Indazolol,  115, 117 
Indazolone,  117 
Indenoquinoline,  247,  2 48 
Indian  yellow ,  191 
Indiazene,  112 
Indiazone  oxime,  112,  118 
Indican,  69,  78 

Indigo,  61,  62,  67,  69,  70,  71,  73,  74,  76, 
77,  78  ff.,  81,  267.  See  also  Indigotin 
Indigo  brown,  78 
Indigo  carmine,  84 
Indigodiimine,  83 
Indigofera  species,  78 
Indigofera  tinctoria,  78 
Indigo  gluten,  78 
Indigoid  dyes,  77 
Indigoimine,  83 
Indigo  purpurin,  84 
Indigo  red,  78,  84 
Indigosulfonic  acid,  70 
Indigotin,  78.  See  also  Indigo 
Indigotindicarboxylic  acid,  84 
Indigotindisulfonic  acid,  84 
Indigotintetrasulfonic  acid,  84 
Indigo  white,  78,  83 
Indigo  yellow,  84 
Indirubin,  70,  73,  77,  84 
Indogen  group,  70 
Indogenides,  58,  70 

Indole,  7,  51,  61,  64,  65,  66,  67,  71,  78,  104 

Indoleacetic  acid,  67 

Indolealdoxime,  67 

Indolecarboxaldehyde,  62,  67,  68 

Indolecarboxylic  acid,  62,  67,  70,  71,  266 

Indolenine,  62,  63 

Indolepropionic  acid,  67,  69 

Indoline,  63 ,71 

Indolizine,  268 

Indolone,  63,  69,  72 

Indoloquinazopyridine,  10 

Indoloquinoxaline,  304 

Indolylalanine,  67 

Indolyl  ethyl  ketone,  67 

Indolylmagnesium  bromide,  66,  67 

Indolylmagnesium  iodide,  62,  65,  67 

Indolyl  methyl  ketone,  67 

Indolyl  phenyl  ketone,  67 

Indone  chloride,  309 

Indophenazine,  75.  304 

Indophenine,  75 

Indophenine  reaction,  23,  25 

Indoxanthine,  73 

Indoxanthinic  acid,  69 

Indoxazene,  121,  122 


Indoxin,  71 

Indoxyl,  59,  61,  69,  70,  76  ff.,  84,  267 
Indoxyl  brown,  78 
Indoxylcarboxaldehyde,  69,  82  . 
Indoxylcarboxylic  acid,  73,  80 
Indoxylic  acid,  69,  76,  80,  267 
Indoxylsulfuric  acid,  69 
Induline,  303,  308 
Iodoacridine,  262 
Iodoethylpyridine,  212 
Iodohydroxyquinolinesulfonic  acid,  237 
Iodoindazole,  116 
Iodoindole,  66 
Iodole,  30,  33 

Iodomagnesium  ketyls,  416,  419 
Iodomagnesium  pinacolates,  419 
Iodomethylpyridinium  iodide,  211 
Iodomethylquinolinium  iodide,  235 
Iodonicotyrine,  338 
Iodopyrazole,  96 
Iodoquinoline,  235 
Iodothiophene,  25,  26,  27 
Iodotriazole,  155 
Iodotriphenylmethyl,  402 
Ipecac,  376 

Isatic  acid,  75,  117,  227,  267 
Isatide,  419 

Isatin,  25,  59,  70,  71,  72,  73,  74  ff-,  83,  84 

Isatin  anil,  75, 76, 77, 80, 84, 109 

Isatin  chloride,  70,  76, 77, 80,  84 

Isatin  dianil,  76 

Isatinic  acid.  See  Isatic  acid 

Isatin  phenylhydrazone,  76 

Isatin  semicarbazone,  76 

I  satis  tinctoria,  78 

Isatogen,  73,  74 

Isatogencarboxylic  acid,  69,  74 ,  80 
Isatogenic  acid,  74 
Isatoic  acid  anhydride,  75 
Isatoid,  75 
Isatoxime,  72 ,75 
Isatyde,  73,  75 
Isoamarine,  130 
Isoamylhydrocupreine,  356 
Isoamylpiperidine,  221 
Isohmylpyrrole,  31 
Isobenzalphthalide,  253 
Isobenzalphthalimidine,  253 
Isobutylchlorophthalazine,  286 
Isobutylphthalazone,  287 
Isocarbazole,  11 
Isocarbostyril,  251,  258 
Isocarbostyrilcarboxylic  acid,  253 
Isocinchomeronic  acid,  216 
Isocinchonidine,  352 
Isocinchonine,  352 
Isocodeine,  360 
Isocorybulbine,  874,  375 
Isocorydine,  371 
Isocoumarin,  184,  250,  253 
Isocoumarincarboxylic  acid,  253 
Isocyanilic  acid,  162 
Isocyanine  dyes,  231,  234 
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Isocyanuric  acid,  319 
Isodehydroacetic  acid,  178 
Isoflavone,  187 
Isoindigo,  73,  84,  267 
Isoindogenides,  73 
Isoindole,  85 

Isoindolobenzimidazole,  134 
Isoindolobenzimidazolone,  134 
Isoisatogen,  74 
Isoisatoxime,  75 
Isomelamine,  318 
Isomorphine,  359 
Isonicotinamide,  207 
Isonicotinic  acid,  204,  213,  214,  215,  377 
Isonicotinic  acid  ethylbetaine,  215 
Isonitriles,  422 
Isonitrosobenzofuranone,  273 
Isonitrosocinchotoxine,  355 
Isonitrosopyrazolone,  104 
Isonitrosopyrrole,  34 
Isonitrosothioindoxyl,  59 
Isonitrosotriazolone,  150 
Isonitrosotrimethylpiperidine,  223 
Isonitrosovinylquinuclidine,  353 
Isooctylhydrocupreine,  356 
Isopelletierine,  335 
Isophenosafranine  chloride,  312,  314 
Isopilocarpine,  378 
Isoprene,  48 

Isopropylidenemethylisoxazolone,  121 
Isopr opyli  denetrimethylindoline ,  65 
Isopropylisocarbostyril,  253 
Isopr  opyloxindole,  72 
Isopr opylpropenylbarbituric  acid,  108 
Isopropylpyridine,  205 
Isopropylpyrrole,  29,  32 
Isopropylquinoline,  232 
Isopropylquinoxaline,  301 
Isopropylthiophene,  24,  25 
Isoprotopine  chloride,  375 
Isoquinidine,  352 
Isoquinine,  352 

Isoquinoline,  213,  214,  215,  249,  251,  252 
Isoquinolinecarboxylic  acid,  254 
Isoquinolinediol,  253 
Isoquinolinedione,  250,  255 
Isoquinoline  oxide,  251 
Isoquinoline  red,  252 
Isoquinoline  sulfonic  acid,  252 
Isoquinolinol,  252,  253 
Isoquinolone,  253 
Isoquinophthalone,  233 
Isorosindone,  313  % 

Isorosinduline,  310, 312 
Isosparteine,  339 
Isostrychnic  acid,  379 
Isostrychnine,  379 
Isosuberonoxime,  327 
Isothiazole,  5,  89,  123 
Isotriazoxole,  162 
Isotropylamine,  345 
Isoxanthene,  11 
Isoxazole,  5,  89.  118,  119 


Isoxazoline,  120 
Isoxazolonecarboxylic  acid,  121 
Isoyohimbic  acid,  382 
Isoyohimbine,  382 

J 

Jasmine  oil,  62 
Jatrorrhizine,  369,  374 
Johimpava,  381 
Julole,  246 
Julolidine,  246 
Julolidinedione,  246 
Juvenine,  381 

K 

Kaempferitrin,  188 
Kaempferol,  186,  188 
Kairine,  244 
Kairoline,  244,  245 
Ketine,  297 
Ketomethylenes,  445 
Ketomethyls,  408 
Ketyls,  metallic,  388 
Knorr’s  reaction,  93 
Kynurenic  acid,  68,  239,  242 
Kynurine,  239,  242 

L 

Lackrot  Ciba  B,  81,  84 

Lactazam  of  hydrazinobenzoic  acid,  117 

Lactimide,  299 

Lactoflavin,  392 

Lactyltropeine,  341 

Larkspur  tubers,  374 

Laubenheimer  reaction,  25,  28 

Laudanidine,  358,  366 

Laudanine,  358,  366 

Laudanosine,  255,  256,  358,  366,  369 

Laurotetanine,  372 

Lauth’s  dyes,  279 

Lauth’s  violet,  280 

Lead  diaryls,  424 

Lead  triaryls,  424 

Lepidene,  16 

Lepidine,  216,  229,  232,  355 
Lepidinecarboxylic  acid,  242 
Lepidineoxalic  ester,  233 
Lepidinic  acid,  216 
Lepidone,  239 
Leucoisatin  anil,  76 
Leucomethylene  blue,  279,  281 
Leucothionine,  279 
Lilole,  246 

Lobelanidine,  335,  336 
Lobelanine,  224,  335,  336 
Lobelia  inflata,  335 
Lobelidine,  335 
Lobeline,  329,  335,  336 
Lobelinic  acid,  336 
Loiponic  acid,  224,  225,  353 
Lophine,  124,  126, 128,  130,  318 
Lophophorine,  357 
Loretin,  237 


INDEX 


479 


Lupanine,  839,  340 
Lupetidine,  222 
Lupinane,  339,  840 
Lupinic  acid,  340 
Lupinidrine,  339 
Lupinine,  339,  340 
Lupinus  species,  339 
Luteolidin  chloride,  182 
Luteolin,  187 

Lutidine,  204,  206,  212,  215,  268 
Lutidinedicarboxylic  acid,  216,  218 
Lutidinedicarboxylic  acid  diazide,  208 
Lutidinesulfonic  acid,  206,  211 
Lutidinic  acid,  216 
Lutidone,  178,  179,  206,  209 
Lutidonedicarboxylic  acid,  217 
Lutidyl  disulfide,  211 
Lutidyl  sulfide,  211 
Lysidine,  130 

M 

Magdala  red,  315 
Malachite  green  radical,  404 
Maleic  acid  hydrazide,  284 
Malonimide,  5 
Malonohydrazide,  111 
Malonylurea,  290 
Maltol,  179 
Mandragora  root,  340 
Mangifera  indica,  191 
Mangin,  191 
Mauveine,  315 
Meconic  acid,  179,  180,  358 
Meconine,  358,  366 
Melamine,  318,  319 
Meldola  blue,  277 
Mellophanic  acid,  371 
Mercaptobenzothiazole,  145 
Mercaptomethylthiazolecarboxylic  acid, 
142 

Mercaptophenylthiadiazolinethione,  168 
Mercaptopyrazole,  107 
Mercaptoquinoline,  240 
Mercaptothiazole,  141 
Mercaptotriazinediol,  319 
Meroquinene,  853,  355 
Mesaconitine,  383 
Mesitene  lactam,  209 
Mesitene  lactone,  209 
Mesityleneazodimethylindazole,  116 
Mesobilirubin,  39 
Mesobilirubinogen,  39 
Mesoporphyrin,  45 
Metafulminuric  acid,  121 
Metal  ketyls,  415,  447,  453 
of  benzil,  421 
of  benzpinacoline,  421 
of  chromone,  421 
of  dibenzoylbenzene,  421 
of  dibiphenylyl  ketone,  421 
of  dimethylpyrone,  421 
of  diphenyl  ketene,  421 
of  diphenyl  ketone,  421 


of  furil,  421 
of  methylisatin,  421 
of  phenanthraquinone,  421 
of  phenyl  biphenylyl  ketone,  421 
of  phenyl  naphthyl  ketone,  421 
of  phthalophenone,  421 
of  quinone,  421 
of  xanthone,  421 
Metanicotine,  337 
Metathiazine,  6 
Methenylaminophenol,  138 
Methenylaminothiophenol,  144 
Methoxyaminoethylbenzodioxole,  368 
Methoxyaminoquinoline,  236,  239 
Methoxybenzodioxolecarboxylic  acid,  367 
M  ethoxy  benzodioxoledicarboxy  lie  acid, 

367 

Methoxybenzodioxolepropionic  acid,  368 
Methoxybenzyldihydrodioxoloisoquino- 
line,  368 

Methoxycinchonidine,  352 
Methoxydinitrotriphenylmethyl,  403 
Methoxyisocarbostyril,  254 
Methoxyisoquinoline,  253 
M ethoxy lepidine,  355 
M ethoxy methylquinoline,  239 
Methoxymethyltetrahydrodioxoloiso- 
quinolinol,  368 

M  ethoxynitr otripheny lmethy  1 ,  403 
M  ethoxy  phenanthroxyl,  447 
Methoxypyridine,  209 
Methoxyquinaldine,  239 
Methoxyquinoline,  239 
Methoxyquinolinecarboxylic  acid,  350, 
358 

Methoxy quinolinic  acid,  217 
Methoxyquinolinol,  239 
M ethoxy tetrahy dr oquinoline ,  244 
Methoxytriphenylmethyl,  403 
Methoxy  vinylrubanol,  352 
Methronic  acid,  21 
Methyl,  388,  41 1,  423 
Methylacenaphthapyridine,  249 
Methylacetonylpiperidine,  335 
Methylacetonylpyrrolidine,  831,  345 
Methylacetylaminooxadiazole,  173 
Methylacetylmorpholquinone,  360 
Methylacetylpiperidine,  219 
Methylacetylpyr azole,  99 
Methylacetylpyrazolecar  boxy  lie  acid,  99 
Methylacetylthiadiazole,  168 
Methylacridine,  257, 259 
Methylacridinium  iodide,  260,  261 
M ethyl acridone,  261, 262 
Methylacridone  anil,  262 
Methylaminobutenylpyridine,  337 
Methylaminodiphenylthiazoline,  142 
Methylaminoindazole,  116 
Methylaminophenylbenzoxazole,  139 
Methylaminopyridine,  207,  210 
Methylaminopyrimidol,  290 
Methylaminothiatriazole,  169 
Methylanilinoacridinium  chloride,  262 
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Methylanilinotriazole,  150 
Methylantipyrine,  107 
Methylarsepidine,  444 
Methylbenzimidazole,  132,  183 
Methylbenzimidazolecarboxylic  acid,  134 
Methylbenzimidazolone,  136 
Methylbenzisothiazolone,  124 
Methylbenzisoxazole,  122 
Methylbenzofuran,  52 
Methylbenzofurancarboxylic  acid,  54 
Methylbenzofurandione,  55 
Methybenzofuranmethanol,  53 
Methylbenzofuranone,  54 
Methylbenzofuroxan,  162 
Methylbenzomorpholine,  274 
Methylbenzophenazinium  iodide,  310 
Methylbenzopyrylium  chloride,  182 
Methylbenzoquinoline,  247 
Methylbenzoselenadiazole,  169 
Methylbenzothiazine,  277 
Methylbenzothiazole,  144 
Methylbenzotriazine,  320 
Methylbenzotriazole,  151 
Methylbenzoxazine,  272,  274,  277 
Methylbenzoxazinone,  271 
Methylbenzoxazole,  139 
Methylbenzoxazone,  274 
Methylbenzoylpyrazolecarboxylic  acid, 
100 

Methylbenzoylthiadiazole,  168 
Methylbenzylacridinium  iodide,  261 
M ethylbenzyldihy droisoquinoline,  254 
M ethylbenzy lidenedihy dr oacridine ,  261 
M  ethylbenzy  lidenedihy  dr  oisoquinoline , 
252 

Methylbenzylisoquinolinium  iodide,  252, 

255 

Methylbenzylisoxazolone,  121 
Methyl  benzyl  ketone  carboxylic  acid 
phenyllactazam,  327 

M  ethylbenzyltetrahy  droisoquinoline  ,255 
Methylbromoethylpyridine,  212 
Methylbromotriazole,  148 
Methylcarbazole,  87,  264 
Methylcarbostyril,  228,  289 
Methylcarboxymethylfuroic  acid,  20 
Methylcephaeline,  376 
Methylchloroacridinium  chloride,  262 
M  ethyl  chloroimidazole,  125 
Methylchlorophthalazine,  286 
Methylchloropyrazole,  96 
Methylchlorotriazole,  148,  155 
Methylchromone,  187 
Methylcinchoninic  acid,  228,  241,  242 
Methylcinchotoxine,  355 
Methylcinnamylecgonine,  344 
Methyl cinnolinecarboxylic  acid,  285 
Methylconiine,  832,  335 
Methycoumarilic  acid,  52 
Methylcoumazonic  acid,  272 
Methylcytosine,  290 
Methyldiacetylpyrazole,  99 
Methyldicarbothoxypyrrolemethanol,  34 


Methyldichloropyrimidine,  290 
Methyldiethylaminobutylmethoxyquino- 
line,  240 

Methyldiethylpseudoindole,  66 
Methyldiethylpyrazine,  297 
Methyldiethylpyrazoline,  102 
Methyldihy  dr  oacridine,  260,  261 
Methyldihydroacridol,  260,  261 
Methyldihy drobenzofuran,  54 
M ethyldihy drobenzoquinolizinone,  246 
Methyldihydrobenzotetrazine,  323 
Methyldihydrobenzoxazine,  274 
Methyldihydrobenzoxazone,  273 
M ethyldihy drocinchoninic  acid,  243 
Methyldihy  dr  ocinchoninic  acid  nitrile, 
241 

Methyldihydrofuran,  22 
Methyldihydrohydroxyacridinebenzoic 
acid  lactone,  261 
Methyldihydroisoindole,  286 
Methyldihy  droisoquinoline,  254 
Methyldihydrophenanthridine,  264 
Methyldihydrophthalazine,  286 
Methyldihydropyridazone,  284 
Methyldihydropyrroloquinolinedione, 

246 

Methyldihydroquinazoline,  292,  293 
Methyldihydroquinoline,  243 
M ethyldihy drothiazinethiol,  277 
Methyldihy drotriazinedione,  320 
Methyldihy  dr  oxyisonicotinic  acid,  217 
Methyldimethylolquinaldine,  232 
Methyldioxolane,  88 
M  ethyldiphenyldihydroquinoxaline,  303 
Methyldiphenyloxazole,  136 
Methyldiphenylpyrylium  chloride,  176 
Methyldiphenylquinoxalinium  hydroxide, 
303 

Methyldipropylpyr  azoline,  102 
Methyldithiolane,  88 
Methylditolylpyrylium  perchlorate,  176 
Methylene,  423 

Methylenebisdim  ethyl  pyrrole,  39 
Methylene  blue,  280 
Methylenedihydropyridine,  197,  210 
Methylenedihydroquinoline,  234,  240, 

243 

M ethylenedioxy dihy droisoquinoline,  254 
M  ethylenedioxy  dihy  dr  oisoquinolone ,  372 
Methylenedioxyisoquinoline,  251 
M  ethylenediphenylpseudothiourea,  14 
Methylenepapaverine,  375 
Methylenepicolineacetic  acid,  218 
Methylenethiourea,  14 
Methylenetrimethylindole,  65 
Methyleneurea,  14 
Methylothylaminopyrimidol,  290 
Methylothyldichloropyrimidine,  290 
Methylethyldihydroquinoline,  243 
Methylethylimidazoline,  130 
Methylethylindazolium  halides,  116 
Methylethylisoxazolone,  121 
Methylethylmaleimide,  39 
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Methylethylpyridine,  198,  205,  222 
M  ethy  lethy  ltetrahy  dropy  ridine  ,219 
Methylethylthetin,  14 
M  ethy  lethy  luracil,  290 
Methylflurorindine,  315 
Methylfuraldehyde,  20 
Methylfuran,  16 

Methylfurazancar  boxy  lie  acid,  161 
Methylfurfural,  19 
Methylfuroic  acid,  20 
Methylfurylacetic  acid,  21 
Methylgranatanine,  348,  349 
Methylgranatenine,  349 
Methylgranatic  acid,  348 
Methvlgranatoline,  348 
Methylgranatonine,  348 
Methylhexahydrocinchomeronic  acid, 
224 

Methylhexahydronicotinic  acid,  332 
Methylhomomeroquinene,  355 
Methylhydroxyisocarbostyril,  254 
Methylhydroxypyrone,  179 
M ethy lhydroxy quinoline,  239 
Methylhydroxytoluquinoxaline,  302 
M ethylhy droxy triazolecarboxylic  acid , 
148,  150 

Methylidyne,  423 

Methylidynetrisacetyldimethylpyrrole, 

40 

Methylidynetrisdimethylpyrrolecar- 
boxylic  acid,  40 
Methylimidazole,  127 
Methylimidazoline,  130 
Methylimidazolone,  131 
Methyliminobenzothiazoline,  145 
Methyliminodihydropyridine,  209 
Methylindazole,  115,  117 
Methylindazolecar  boxy  lie  acid,  115 
Methylindazolone,  117 
Methylindenoquinoline,  249 
Methylindole,  62,  64,  65  ff.,  229,  235 
Methylindoleacetic  acid,  68 
Methylindolecarboxaldehyde,  67 
Methylindoline,  71,  75,  76,  77 
Methylindolyl  methyl  ketone,  67 
Methyliodopyridinium  iodide,  206,  211 
Methylisatin,  65 
Methylisocarbostyril,  251,  253 
Methylisoindole,  286 
Methylisonicotinic  acid,  215 
Methylisopelletierine,  335 
Methylisoquinoline,  251 
Methylisoquinolinium  iodide,  251,  253  ff. 
Methylisoquinolone,  252,  253 
Methylisosparteinium  hydroxide,  339 
Methylisostrychnine,  379 
Methylisoxazole,  119 
Methylisoxazolecarboxylic  acid,  120 
Methylisoxazoledicarboxylic  acid,  120 
Methylisoxazolone,  121 
Methylkynurenic  acid,  242 
Methyllepidone,*  239 
Methyllilolidinedione,  246 


Methyllutidinic  acid,  216 
Methylmercaptoacridine,  262 
Methylmethoxy  cy  anopyrid  one  ,211 
Methylmethoxy quinoline,  3$0 
Methylmethronic  acid,  21 
M ethylmethylenedihy droquinoline ,  240 
Methylmethylpseudocarbostyril,  229 
Methylmorphimethine,  359 
Methylmorphine,  359 
Methylmorphol,  359 
Methylmorpholone,  274 
Methylnarcotinium  iodide,  368 
Methylnicotinic  acid,  215 
Methylnicotone,  337 
Methylnicotyrinium  iodide,  338 
Methylnitropyrazole,  96 
Methylollepidine,  232 
Methylolquinaldine,  232 
Methyloxazirobenzimidazole,  135 
Methyloxazolidine,  137 
Methyloxazoline,  137 
Methyloxindole,  72 
Methyloxoisazolone,  121 
Methyloxojuloline,  246 
Methyloxopyrrolidineacetic  acid,  345 
Methylpelletierine,  335 
Methylphenacylpiperidine,  336 
Methylphenanthridine,  264 
Methylphenanthridinium  iodide,  264 
Methylphenanthridone,  264 
Methylphenanthrimidazole,  134 
Methylphenazine,  305 
Methylphenoxazine,  275 
Methylphenylbenzoxazole,  139 
Methylphenyldihydropyridazone,  284 
Methylphenyldihydroquinoline,  243 
Methylphenylfuran,  21 
Methylphenylfuroic  acid,  21 
Methylphenylimidazole,  127 
Methyphenylimidazolethiol,  127 
Methylphenylisox  azole,  120 
Methylphenylmethoxybenzophenazinium 

sulfate,  313 

Methylphenyloxadiazole,  163 
Methylphenyloxadiazolone,  164 
Methylphenyloxazole,  136, 137 
Methylphenyloxazoline,  137 
Methylphenylpyrazole,  94, 120 
Methylphenylpyrazolecarboxylic  acid , 

100 

Methylphenylpyrazolone,  105,  106,  109 
Methylphenylpyridazine,  283 
Methylphenylpyridazone,  284 
Methylphenylpyrimidine,  289 
Methylphenylpyrrole,  33 
Methylphenylquinazoline,  292 
Methylphenylquinolinium  iodide,  231 
Methylphenylquinoxalinol,  302 
Methylphenylthiazole,  140 
Methylphenylthienylmethanol,  27 
Methylphthalazine,  286 
Methylphthalazinium  iodide,  287 
Methylphthalazone,  286, 287 
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Methylphthalonimide,  255 
Methylpicolinic  acid,  215 
Methylpipecolinic  acid,  335 
Methylpiperazine,  299 
Methylpiperidine,  221 
Methylpiperidinecarboxylic  acid,  335 
Methylpiperidinedicarboxylic  acid,  336, 

SU 

Methylpiperidineethanol,  223 
Methylpiperidine  oxide,  222 
Methylpiperidinepropanol,  335 
Methylpsychotrine,  376 
Methylpyrandione,  178 
Methylpyrazine,  297 

Methylpyrazole,  91,  92,  93,  94,  96,  97, 
100, 127 

Methylpyrazolecarboxylic  acid,  96,  100 
Methylpyrazolesulfonic  acid,  97 
Methylpyrazoline,  101 
Methylpyrazolol,  98 
Methylpyrazolone,  104 
Methylpyridazine,  283 
Methylpyridazone,  284 
Methylpyridine,  13,  204 ,  215 
Methylpyridinecarboxylic  acid,  340 
Methylpyridinedicarboxylic  acid,  215,  216 
Methylpyridinediol,  200,  210,  211 
Methylpyridineethanol,  205,  212,  334 
Methylpyridinetetracarboxylic  acid,  216 
Methylpyridinetriol,  211 
Methylpyridone,  209,  211 
Methylpyridoneimine,  207, 209 
Methylpyridylpyrrole,  337 
Methylpyridylpyrrolidine,  49,  336 
Methylpyridyl  selenide,  211 
Methylpyridyl  sulfide,  211 
Methylpyrimidazole,  269 
Methylpyrimidine,  289 
Methylpyrimidinecarboxylic  acid,  289 
Methylpyrimidol,  289 
Methylpyronedicarboxylic  acid,  178 
Methylpyrrocoline,  268 
Methylpyrrole,  29,  31,  32,  37,  49,  65,  201 
Methylpyrrolecarboxylic  acid,  32,  37 
Methylpyrrolediacetic  ester,  346 
Methylpyrrolepropionic  acid,  37 
Methylpyrrolidine,  32,  48,  49,  331,  338, 
339 

Methylpyrrolidinecarboxylic  acid,  49, 
331,337,339 

Methylpyrrolidinedicarboxylic  acid,  50 
Methylpyrroline,  47, 48,  336 
Methyl  pyrryl  ketone,  36 
Methylquinaldinium  iodide,  232 
Methylquinaldone,  239 
Methylquinazoline,  292,  294 
Methylquinazolinium  hydroxide,  292 
Methylquinazolone,  294 
Methylquinoline,  216,  226,  227,  229,  231, 
232,  239 

Methylquinolinecarboxylic  acid,  242 
Methylquinoli  nee  than  ol,  232,  242 
Methylquinolinethiol,  240 


Methyl  quinolinic  acid,  215,  216 
Methylquinolinium  iodide,  230,  234,  238, 
241 

Methylquinolinol,  217,  228,  239 
Methylquinolone,  235, 238,  239,  349 
Methylquinolone  methide,  240 
Methylquinoxaline,  301 
Methylscopoline  iodide,  344 
Methylselenazoline,  146 
Methylselenopyridone,  211 
Methylsparteine,  339 
Methylsparteinium  hydroxide,  339 
Methylstrychnine,  379 
Methyltetrahydrodiazepine,  326 
Methyltetr  ahydrodioxoloisoquinoline , 
251,369 

Methyltetrahydroisoquinoline  ,255 
Methyltetrahydronicotinic  acid,  331,  332 
Methyltetrahydropapaverine,  366 
Methyltetrahydropicoline,  219 
Methyltetrahydropyridinecarboxalde- 
hyde,  220 

Methyltetrahydropyridinecarboxaldox- 
ime,  332 

Methyltetrahydropyridinenitrile,  220 
Methyltetrahydropyrimidine,  291 
Methyltetrahydroquinoline,  244,  245,  350 
Methyltetrahydroquinolinol,  244 
Methyltetrahydrotetramethoxydibenzo- 
quinoline,  11 
Methyltetrazole,  172 
Methylthiadiazole,  168 
Methylthiadiazolecarboxylic  acid,  168 
Methylthiapyran,  193 
Methylthiazole,  140 
Methylthiazoleacetic  acid,  142 
Methylthiazolecarboxylic  acid,  141 
Methylthiazoledicarboxylic  acid,  141 
Methylthiazolethiol,  141 
Methylthiazoline,  142 
Methylthiazolol,  140,  141 
Methyl  thienyl  ketone,  24,  26,  27 
Methylthiolutidine,  211 
Methylthiolutidone,  211 
Methylthiophene,  23,  24,  25  ff. 

Methyl thiopyridone,  211 
Methylthioquinolone,  239 
Methyltolylthiazoline,  142 
Methyltriazinediol,  318,  320 
Methyltri  azole,  155,  157 
Methyltriazolecarboxylic  acid,  149 
Methyltriazolethiol,  156 
Methyltriazolonecarboxylic  acid,  150 
Methyltrichloropyridine,  217 
Methyltriphenodioxazine,  277 
Methyltriphenyldihydropyridyl  ,408 
Methyltropane,  343 
Methyltropidine,  343 
Methyltropidinium  hydroxide,  343 
Methyltropinic  acid,  342 
Methyltruxilloylecgonine,  345 
Methyluracil,  289,  290 
M  ethyl  vinylaminoethylpiperidine  ,355 
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Methylvinylpiperidine,  223 
Metoxazine,  6 
Metrazole,  171,  174 
Mezcaline,  357 
Monothiocyanuric  acid,  319 
Morin,  188 
Morphenol,  360 

Morphine,  134,  180,  328,  329,  868,  361, 
362 

Morphinum  hydrochloricum,  358 
Morphol,  359 
Morpholine,  273 
Morphothebaine,  362 
Morustinctoria,  188 

Mucobromic  acid  oxime  anhydride,  271 

Mur  ex  brandaris,  84 

Musk  seed  oil,  4 

Mydriatics,  340 

Myrica  nagi,  188 

Myricetin,  188 

Myristicinealdehyde,  368 

N 

Naphthacridine  257,  259 
Naphthacridinetrione,  262 
Naphthalanmorpholine,  274 
N aphth  aleneoxamide ,  302 
Naphthaquinone  methide,  450 
Naphthazarin,  117 
Naphthazine,  305 
Naphthimidazole,  134 
Naphthindole,  85 
Naphthindone,  313 
Naphthinduline,  310,  812 
Naphthinoline,  267 
Naphthisatin,  77 
Naphtha soindigotin,  85 
Naphthisothiazole,  124 
Naphthisoxazole,  122 
Naphthobenzocarbazole,  87 
Naphthocinchoninic  acid,  228 
Naphthodiquinoline,  248 
Naphthofuran,  52,  66 
Naphthofuranone,  56 
Naphthofurazan,  161,  162 
Naphthofuroxan,  162 
Naphthol  blue,  277 
Naphthol  yellow  S,  129 
Naphthomethylenequinone,  450 
Naphthomorpholone,  274 
Naphthophenanthridone,  264 
Naphthophenazine,  305 
Naphthophenosaf ranine  chloride,  315 
Naphthopyrazole,  117 
Naphthopyrid acridine,  263 
Naphthopyridine,  9 
Naphthoquinaldine,  247 
Naphthoquinoline,  227,  247,  248 
Naphthoquinolinequinone,  248 
Naphthotetrazine,  296 
Naphthotetrazole,  172,  237 
Naphthothiazole,  145 
Naphthothiophene,  61 


Naphthotriazole,  152 
Naphthoxazole,  140 
Naphthoxazone,  274 
N  aphthyl  aminooxadiaz  olethione ,  1 64 
Naphthylaminothiadiazolone,  167 
Naphthyl  blue,  313 
Naphthylindole,  66 
Naphthylpiperidine,  221 
Naphthylviolet,  313 
Naphthylxanthyl,  405 
Naphthyridine,  267,  268 
Naphthyridinediol,  267 
Naphtri azole,  237 
Narceine,  358,  868 

Narcotine,  249,  256;  329,  358,  866,  368 

Naringenin,  188 

Neobilirubic  acid,  39 

Neopine,  358,  861 

Neoxanthobilirubic  acid,  39 

Neutral  red,  309 

Nicoteine,  336 

Nicotelline,  336 

Nicotiana  tabacum,  336 

Nicotimine,  336 

Nicotinamide,  207,  -338 

Nicotine,  49,  214,  329,  330,  336,  338 

Nicotinic  acid,  204,  212,  213,  214,  336  ff. 

Nicotinic  acid  azide,  207 

Nicotinic  acid  methylbetaine,  331 

Nicotinic  acid  nitrile,  206 

Nicotyrine,  337,  338 

Nicotyrine  methyl  iodide,  33 

Nile  blue,  277 

Nitrile  oxides,  13 

Nitroacridine,  259 

Nitroaminonicotinic  acid,  207,  214 

Nitroaminoquinoline,  236 

Nitrobenzisothiazole,  124 

Nitrobenzofuran,  53 

Nitrobenzofuranone,  54 

Nitrobenzoselenadiazole,  169 

Nitrobromobenzofuran,  55 

Nitrocarbazole,  87 

Nitrocarbostyril,  239 

Nitrocinchoninic  acid,  241 

Nitrocoumarin,  239 

Nitrocytisine,  349 

Ni  trodimethylbenzimid  az  olinol ,  135 
Nitrodimethylimidazole,  128 
Nitrodimethylpyrrole,  34 
Nitrofuran,  17 
Nitrogen  diaryls,  398 
Nitroindazole,  114,  115,  117 
Nitroindole,  66 
Nitroindolecarboxylic  acid,  66 
Nitroisatin,  77 
Nitroisoquinoline,  251 
Nitroisoxazole,  120 
Nitrolaudanosine,  371 

Nitromethylbenzeneazonitroindazole,  116 
Nitromethylimidazole,  128 
Nitromethylindole,  66 
Nitron,  156 
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Nitronitrosocytosine,  349 
Nitrophenanthridone,  264 
Nitrophenothiazine  oxide,  279 
Nitrophenoxazine,  275 
Nitrophenylindazolinecarboxylic  acid, 
117 

Nitrophenylindazolone,  117 
Nitrophenylindole,  66 
N  itrophenylmethy  lnitropyr  azolone,  1 05 
Nitrophenylmethylpyrazolone,  105 
Nitrophenylphenylnitroisoxazole,  120 
Nitrophenylpyrazole,  100 
Nitrophenylpyridine,  205 
Nitrophenylquinoline,  233 
'  Nitropyrazole,  96 
Nitropyridine,  207 
Nitropyridol,  207 
Nitropyrrole,  34 
Nitroquinoline,  236 ,  237 
Nitrosoantipyrine,  107,  108 
Nitrosobenzene,  451 
Nitrosocarbazole,  87 
Nitroso  compounds,  451 
Nitrosoconiine,  333,  334 
Nitrosoindazole,  114 
Nitrosoindole,  62,  66 
Nitrosoindoline,  71 
Nitrosoisoxazole,  162 
Nitrosomethylindole,  66 
Nitrosomethylpyridinediol,  211 
Nitrosomorpholine,  273 
Nitrosophenylindole,  66 
Nitrosopiperidine,  221 
Nitrosotetrahydroquinoline,  244 
Nitrosotriaminopyrimidine,  290 
Nitrosotriazolol,  150 
Nitrotetraphenylhydrazine,  436 
Nitrothianaphthene,  59 
Nitrothiophene,  26 
Nitrotrimethylpyrazole,  96,  97 
Nitrotriphenylmethyl,  403 
Nitroveratryldihydroisoquinoline,  370 
Nitroxanthone,  192 

Nomenclature  of  heterocyclic  ring  sys¬ 
tems,  8 

Norharman,  266,  377 
Norharmancarboxylic  acid,  266 
Norhydrohydrastinine,  251 
Norhydrotropidine,  342 
Norhyoscyamine,  341 
Norlobelanidine,  335,  336 
Norlobelanine,  335 
Nornarceine,  367 
Nortropane,  269 
Novatophan,  242 
Nucleic  acids,  289,  290 

O 

Octahydroacridine,  260 
Octahydroacridinedione,  262 
Octahydroazocinone,  327 
Octahydrobenzoquinoline,  248 


Octahydrobiquinoline,  244 
Octahydrocarbostyril,  246 
Octahydrodiazocine,  327 
Octahydroindole,  71 
Octahydrometanicotine,  337 
Octahydronaphthoquinoline,  248 
Octahydronaphthyridine,  267 
Octahydrophenazine,  308 
Octahydropyrrocoline,  224 
Octahydroxanthenedione,  189 
Octaphenyldiethylsilicotetrane,  423 
Oil,  bone,  29,  31,  195,  203,  204,  226,  230 
clove,  19 
coffee,  16 
fusel,  195 

orange  blossom,  62 
Scottish  shale,  204,  205 
varec,  19 
wood,  19 

Opianic  acid,  366,  369 
Opium,  180,  328,  358,  375 
Opsopyrrole,  32,  43 
Opsopyrrolecarboxylic  acid,  37 
Optochine,  356 
Orcacetein,  185 
Orcirufin,  276 
Orotic  acid,  290 
Orthoxazine,  6 
Osotetrazine,  323 
Osotriazole,  89,  146,  147,  148 
Oxadiazine,  6,  7,  9,  321 
Oxadiazole,  5,  6,  89,  148,  160,  162,  163, 
165, 168,324,406 
Oxalimide,  5,  12 
Oxaline,  124 

Oxalylbisdiphenylmethyl,  414 
Oxalylguanidine,  131 
Oxalylurea,  131 
Oxanthronyls,  446 
Oxatriazabicyclohexene,  156 
Oxatriazine,  7 
Oxatriazole,  6,  89 
Oxazabicyclononane,  268 
Oxazine,  6,  9,  271,  272,  273 
Oxazirines,  13 
Oxazirobenzimidazole,  135 
Oxazole,  5,  89,  136 
Oxazolidine,  137 
Oxazoline,  137 
Oxazolone,  137 
Oxbiazole,  89 
Oxetane,  13 
Oxindigo,  55 
Oxindirubin,  55 

Oxindole,  61,  66,  72,  73,  74,  75,  78,  84 
Oxindolecarboxaldehyde,  73 
Oxoacenaphthenylidenepseudoindoxyl, 

70 

Oxoacenaphthenyidenethianaphthenone, 

58 

Oxodihydroacridine,  261 
Oxodihydrobenzotriazine,  116 
Oxodihydrobibenzofuran,  55 
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Oxodihydrocyclopentaquinoxalinecar- 
boxylic  acid  ester,  302 
Oxodihydroisoquinoline,  254 
Oxodihydronaphthylidenepseudoindoxyl, 
77 

Oxodihydronorharman,  266 
Oxodihydrodxazole,  137 
Oxodihydrophthalazinecarboxylic  acid, 
287 

Oxodihydropyridazine,  284 
Oxodihydropyrimidine,  289 
Oxodihydroquinazoline,  292,  293,  294 
Oxodihy droquinazolinecar boxylic  acid , 
294 

Oxodihydroquinoline,  243 
Oxoimidazoline,  131 
Oxonitine,  383 
Oxooxadiazoline,  164 
Oxopyrancarboxylic  acid,  178 
Oxopyrazoline,  97,  103 
Oxopyrrolidine,  50 
Oxotetrahydrofuran,  22 
Oxotetrahydrooxazole,  138 
Oxotetrahydropyridazine,  284 
Oxotetrahydropyridazinecarboxylic  acid, 
284 

Oxotetrahydroquinazoline,  295 
Oxothiadiazoline,  167 
Oxothianaphthenylidenebenzofuranone, 
56 

Oxothianaphthenylidenepseudoindoxyl, 
58,  59,  70 
Oxoxanthene,  191 
Oxybiazole,  163 

P 

Palmatine,  369,  874 ,  375 
Palmatrubin,  374 
Papaveraldine,  365 
Papaveric  acid,  365 

Papaverine,  249,  252,  254,  329,  358,  365 

Papaveroline,  251,  365 

Papaver  somniferum,  358 

Parabanic  acid,  131 

Paracoumarone,  52 

Paraldehyde,  270 

Paraphenylene  blue,  312 

Pararosaniline,  259 

Parathiazine,  6 

Paroxazine,  6 

Parvoline,  205 

Peganum  harmala,  266,  330,  377 
Pelargonidin  chloride,  182 
Pelletierine,  224,  335 
Pellotine,  357 

Pentachloropyridine,  196,  206,  210 
Pentachloropyrrole,  30,  33 
Pentahydroxyflavonol,  188 
Pentahydroxyflavylium  chloride,  182 
Pentahydroxytetrahydropyran,  177 
Pentamethylbenzoyloxypiperidinecar- 
boxylic  acid, 225 

Pentamethylenimine.  See  Piperidine 


Pentamethylene  oxide,  4 
Pentamethylenetetrazole,  171 ,174 
Pentamethylpentarsenolane,  174 
Pentaphenylcyclopentadienyl,  407 
Pentaphenylethane,  411 
Pentaphenylethyl,  389,  396,  409 
Pentaphenylpyridine,  199,  205 
Pentarsenole,  174 
Pentazine,  325 
Pentazole,  90,  174 
Penthiazoline,  277 
Penthiophene,  193 
Pentosans,  17 
Pentoses,  17,  22,  127 
Pentoxazoline,  272 
Peonidin  chloride,  182 
Perazine,  435,  436 
Percaine,  242 
Perdolat,  108 
Perhydroindole,  71 
Perimidine,  296 
Perinaphthindigo,  85 
Persulfocyanic  acid,  165 
Phenacetein,  185 
Phenacylphthalimide,  236 
Phenanthridine,  87,  259,  263,  264 
Phenanthridone,  264 
Phenanthrofurazan,  161 
Phenanthroline,  206,  227,  265 
Phenanthrophenazine,  306 
Phenanthrophenofluorindine,  315 
Phenanthroquinoline,  248,  249 
Phenanthrotriazinol,  320 
Phenanthroxazine,  275 
Phenanthroxyls,  446 
Phenarsazine,  316,  817 
Phenarsazine  chloride,  316 
Phenarsazinic  acid,  316 
Phenazime,  312 
Phenazine,  303,  805 
Phenazinecarboxylic  acid ,  309 
Phenazine  dyes,  311 
Phenazine  oxide,  304,  805 
Phenazinol,  309 
Phenazinone,  311 
Phenazone,  287 

Phenazothionium  chloride,  279 
Phenazothionium  perbromide,  280 
Phenethylquinoline,  232,  233 
Phenhomazinedione,  327 
Phenomauveine,  314,  315 
Phenosafranine,  312 
Phenosafranine  chloride,  314 
Phenoselenazine,  282 
Phenothiazime,  279,  280,  281 
Phenothiazime  chloride,  280 
Phenothiazine,  86,  278 
Phenothiazine  oxide,  279 
Phenothiazone,  279,  281 
Phenothiazonium  chloride,  279 
Phenotripyridine,  265 
Phenoxarsine,  277 
Phenoxaselenin,  270 
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Phenoxatellurin,  270 
Phenoxathiin,  270 
Phenoxazime,  275 
Phenoxazine,  274,  275 
Phenoxazine  dyes,  275 
Phenoxazone,  275,  276 
Phenoxazonium  chloride,  276 
Phenoxazonium  perchlorate,  275 
Phenoxyphenanthroxyl,  447 
Phenoxy pyridine,  208 
Phenpenthi azole,  277 
Phentriazine,  320 
Phenyl,  412 

Phenylacenaphthophenazinium  nitrate, 
310 

Phenylacetylpyrazole,  98 
Phenylacetylpyrazoline,  102 
Phenylacetylpyrazolinedicarboxylic  acid, 
103 

Phenylacetylthiadiazole,  168 
Phenylacridine,  257,  259 
Phenylacridol,  259 
Phenylacridone,  262 
Phenylaminobenzimidazole,  320 
Phenylaminobenzisothiazole,  124 
Phenylaminoisoxazole,  120 
Phenylaminomethyldihy  drooxazine  ,272 
Phenylaminopyriinidol,  290 
Phenylaminotriazole,  150 
Phenylaminotriazolecarboxylic  acid,  150 
Phenylaminourazole,  159 
Phenylanilinophenoxazime,  276 
Phenylanilinotetrazole,  173 
Phenylanilinotriazole,  150 
Phenylanilinourazole,  159 
Phenylanthranil,  261 
Phenylanthraquinoline,  248 
Phenylanthronyl,  405 
Phenylazomethylindole,  66 
Phenylazophenylindole,  66 
Phenylazoquinoline,  237 
Phenylbenzeneazohydroxypyrazole- 
carboxylic  acid,  110 
Phenylbenzeneazopyrazole,  97 
Phenylbenzimidazole,  132, 133 
Phenylbenzimidazolecarboxylic  acid,  132 
Phenylbenzisothiazolone,  124 
Phenylbenzisoxazole,  122 
Phenylbenzochlorophenazinium  chloride, 
313 

Phenylbenzocinchoninic  acid,  205 
Phenylbenzofuran,  52,  54 
Phenylbenzophenazinium  chloride,  310 
Phenylbenzophenazinium  salts,  312 
Phenylbenzopyran,  181,  182 
Phenylbenzopyranol,  184 
Phenylbenzopyrone,  187 
Phenylbenzopyrylium  chloride,  182 
Phenylbenzopyrylium  compounds,  181 
Phenylbenzoquinoxaline,  301,  306 
Phenylbenzothiazole,  143, 144 
Phenylbenzotriazepinedione,  327 
Phenylbenzotriazole,  86, 152 


Phenylbenzotriazolequinone,  149 
Phenylbenzotriazone,  321 
Phenylbenzoxazepinone,  327 
Phenylbenzoxazine,  274 
Phenylbenzoxazole,  139 
Phenylbenzoxazone,  273 
Phenylbenzoylisonitrosotriazolone,  1 50, 
173 

Phenylbenzoylisoxazolone,  121 
Phenylbenzoylpyrazole,  98 
Phenylbiphenylenemethyl,  404 
Phenyl  biphenylyl  ketone,  428 
Phenyl  biphenylyl  ketone  potassium,  417, 
419 

Phenylbiphenylylnaphthylmethyl,  402 
Phenylbromopyrimidine,  291 
Phenylbromotriazole,  155 
Phenyl  butyl  enepseudourea,  272 
Phenylcamphopyrazolecarboxylic  acid , 
118 

Phenylcarbazacridine,  262 
Phenylcarbethoxymethylphthalimide, 

254 

Phenylchlorobenzophenazinium  chloride, 
313 

Phenylchlorodibenzophenazinium  chlor¬ 
ide,  313 

Phenylchlorophenazinium  chloride,  313 
Phenylchloropyr azole,  96,  106,  107 
Phenyl chloropyrazolone,  111 
Phenylchloropyridine,  206 
Phenylchloropyrimidine,  291 
Phenyl  chi  or  otriazine,  319 
Phenylchlorotriazole,  148,  150,  155 
Phenylchromone,  187 
Phenyl cinchoninic  acid,  241,  242 
Phenylcinnoline,  283,  285 
Phenylcinnolinic  acid,  283 
Phenylcoumalin,  178 
Phenylcyanotetrazole,  171,  173 
Phenylcyanotriazole,  149 
Phenyldiacetylpyrazole,  99 
Phenyldiaminodimethylacridine,  260 
Phenyldiaminotriazole,  151 
Phenyldibenzophenazinium  chloride,  310 
Phenyldibenzophenothiazime,  282 
Phenyldibiphenylylmethyl,  401 
Phenyldibromopyrazoline,  102 
Phenyldichloropyrazole,  96,  111 
Phenyldichlorotri  azole,  155 
Phenyldiethyltriazole,  155 
Phenyldihydroacridine,  260 
Phenyldihydrobenzofuran,  54 
Phenyldihydrobenzotriazepinone,  327 
Phenyldihydrobenzotriazine,  320,  321 
Phenyldihydrobenzoxazone,  273 
Phenyldihydroberberine,  372 
Phenyldihydroisoquinoline,  254 
Phenyldihydrooxazine,  272 
Phenyldihydrophenazine,  310 
Phenyldihydrophthalazinol,  286 
Phenyldihydropyridazinedione,  285 
Phenyldihydropyridazone,  284 
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Phenyldihydropyrimidone,  291 
Phenyldihydroquinazoline,  293,  294, 
295 

Phenyldihydroquinazolinethione,  296 
Phenyldihydroquinazolone,  295 
Phenyldihydrothiadiazinethione,  322 
Phenyldihydrothiazine,  277 
Phenyldihydrotriazone,  319 
Phenyldimethylbenzoxazine,  272 
Phenyldimethylbenzoxazole,  139 
Phenyldimethyliminopyrazole,  107 
Phenyldimethylindole,  72 
Phenyldimethylindolinol,  72 
Phenyldimethylmethyleneindoline,  71 
Phenyldimethylnitropyr azole,  96 
Phenyldimethylnitrosopyrazole  96 
Phenyldimethylpyrazole,  93,  95,  100 
Phenyldimethylpyrazolidinedione,  111 
Phenyldimethylpyrazolidone,  111 
Phenyldimethylpyrazolone,  95.  106,  108 
Phenyldimethylthiopyr  azole  ,107 
Phenyldimethyltriazole,  148,  1^9 
Phenyldithiourazole,  159 
Phenylditolylmethyl,  401 
Phenyldixenylmethyl,  401 
Phenyleneacetamidine,  133 
Phenylenebenzamidine,  133 
Phenylenediazosulfide,  168 
Phenyleneformamidine,  133 
Phenylenemalonimide,  326 
Phenylenenaphthylene  oxide,  85 
Phenyleneoxamide,  302 
Phenylenephenylguanidine,  136 
Phenylenephthalamide,  327 
Phenylenepseudothiourea,  144 
Phenylenesuccinamide,  327 
Phenylenethiourea,  136 
Phenylenetrimethy  lenediamine  ,326 
Phenyleneurea,  136 
Phenylethoxybenzotriazole,  152 
Phenylethoxypyr azole,  98 
Phenylethylmethylaminopyrazole,  97 
Phenylethylthiopyrazole,  107 
Phenylfluorenyl,  404 
Phenylfluorindine,  315 
Phenylfurazan,  160 
Phenylfuroic  acid,  21 
Phenylfuroxan,  161 
Phenylglycolyltropeine,  341 
Phenylhydantoin,  79 
Phenylhydrazinolutidine,  208 
Phenylhydrazinopyrine,  97,  107 
Phenylhydrazinoquinoline,  236,  237 
Phenylhydroxyfurazan,  161 
Phenylhydroxyisocarbostyril,  254 
Phenylhydroxymethyloxazolidine,  138 
Phenylhydroxypyrazolecarboxylic  acid, 
110 

Phenylhydroxypyrazolone,  96,  111 
Phenylhydroxytriazine,  319 
Phenylhydroxy triazolecarboxylic  acid , 
148,  150 

Phenylimidazole,  127 


Phenylimidazolecarboxylic  acid  lactam, 

134 

Phenylimidazoline,  130 
Phenylimidocoumazone,  273 
Phenyliminodihydrobenzothiazine,  278 
Phenyliminodihydrobenzoxazine,  273 
Phenyliminoisoxazolone,  121 
Phenyliminothiadi  azoline,  167 
Phenyliminothiadi  azolinethiol ,  1 67 
Phenylindazole,  114,  115,  117 
Phenylindazoline,  117 
Phenylindazolol,  116 
Phenylindazolone,  117 
Phenylindole,  62,  65,  66 
Phenylinduline,  315 
Phenylisatin,  75 
Phenylisatogen,  74 
Phenylisocarbostyril,  251,  253 
Phenylisocoumarin,  184 
Phenylisonitrosotriazolone,  150 
Phenylisoquinoline,  251,  252 
Phenylisoxazole,  119,  120 
Phenylisoxazolone,  121 
Phenyllutidone,  228 
Phenyllutidonecarboxylic  acid,  217 
Phenylmalonohydrazide,  111 
Phenylmercaptothiadiazoline,  166 
Phenylmercaptotriazine,  319 
Phenylmethylacetylfuran,  19 
Phenylmethylacetyltriazole,  157 
Phenylmethylacridinium  iodide,  261 
Phenylmethylaminopyrazole,  97,  107 
Phenylmethylaminotriazole,  150 
Phenylmethylbenzediazepinone,  327 
Phenylmethylbenzeneazohydroxypyra- 

zole,  105 

Phenylmethylbenzeneazopyrazole,  97 
Phenylmethylbenzeneazopyrazolone,  97 
Phenylmethylbenzimidazolinol,  135 
Phenylmethylbenzoylchloropyrazole,  109 
Phenylmethylcarbethoxypyr azolone ,  98 
Phenylmethylcarbomethoxypyrazolone, 

98 

Phenylmethylchloropyrazole,  96,  105, 

106, 108 

Phenylmethylchloropyridazone,  284 
Phenylmethylehloropy rimidine ,  290 
Phenylmethylcyanotriazole,  151, 157 
Phenylmethyldihydroacridine,  260 
Phenylmethyldihydroacridol,  261 
Phenylmethyldihydrooxazine,  272 
Phenylmethyldihydropyridazine ,  283 
Phenylmethyldihydropyridazone,  284 
Phenylmethylethoxypyr  azole,  98 
Phenylmethylethoxypyridazone,  284 
Phenylmethylfuran,  16 
Phenylmethylhydroxypyrazolone,  105 
Phenylm  ethy  Ihy  dr  oxypyr  id  azone,  100, 

284 

Phenylmethylimidazole,  137 
Phenylmethylisoxazole,  94 
Phenylmethylmethoxypyrazole,  98,  105 
Phenylmethylmethylanilinopyr  azole,  107 
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Phenylmethylpiperidine,  222 
Phenylmethylpyrazole,  93,  94, 95, 100 
Phenylmethylpyrazolecarboxaldehyde, 

98 

Phenylmethylpyr  azolecarboxylic  acid , 
100,  284 

Phenylmethylpyrazoledione,  105 
Phenylmethylpyrazolidine,  110 
Phenylmethylpyrazolidone,  111 
Phenylmethylpyrazoline,  98 
Phenylmethylpyrazolol,  98 
Phenylmethylpyrazolone,  93,  94,  96,  98, 
104,105,106, 108, 109,111 
Phenylmethylpyrazolonecarboxaldehyde, 
109 

PhenylmethylpyTazoloneimine,  106 
Phenylmethylpyrazolopyrazolone,  109 
Phenylmethylpyridazine,  283 
Phenylmethylpyridazone,  284 
Phenylmethylpyridine,  199 
Phenylmethylpyrimidol,  289 
Phenylmethylpyrone,  179 
Phenylmethylquinoline,  233 
Phenylmethyltetrazole,  172 
Phenylmethylthiazole,  140 
Phenylmethylthiopyrazole,  107 
Phenylmethylthiopyrazolone,  105 
Phenylmethyltriazole,  148,  149,  154,  155, 
157 

Phenylmethyltriazolecarboxaldehyde,  148 
Phenylraethyltriazolecarboxylic  acid,  149 

157 

Phenylmethyltriazolol,  150 
Phenylmethyltriazolone,  150,  154,  155, 

158 

Phenylnaphthoquinoline,  248 
Phenylnitrobenzisothiazole,  124 
Phenylnitrogen,  443 

Phenylnitroindazolecarboxylic  acid,  114, 
117 

Phenylnitroisoxazole,  120 
Phenylnitrophthalimide,  134 
Phenylnitropyrazole,  96 
Phenylosotriazole,  149 
Phenylosotriazoleazimide,  151 
Phenyloxadiazolethiol,  163 
Phenyl  oxadiazolone,  163 
Phenyloxazole,  137 
Phenyloxazolidine,  137 
Phenyloxazoline,  137 
Phenyloxindole,  72 

Phenyloxotetrahydropyridazinecarboxy- 
lic  acid,  284 

Phenylpenthiazoline,  277 
Phenylphenanthridine,  264 
Phenylphenanthrolinecar boxylic  acid , 

265 

Phenylphenazinium  chloride,  310 
Phenylphenazinium  salts,  312 
Phenylphenonaphthoxanthyl,  405 
Phenylphenothiazime,  280 
Phenylphenoxazime,  275,  276 
Phenylphenyliminooxadiazoline,  164 


Phenylphthalazine,  286 
Phenylphthalazinedione,  287 
Phenylphthalazinium  chloride,  286 
Phenylphthalazone,  287 
Phenylphthaloylhydr azide,  287 
Phenylpicoline,  205,  206 
Phenylpiperidine,  221 
Phenylpropylenepseudothiourea,  1 42 
Phenylpyrazole,  93,  94,  95 
Phenylpyrazolecarboxylic  acid,  100 
Phenylpyrazoledicar  boxy  lie  acid,  100 
Phenylpyrazoletricarboxylic  acid,  100 
Phenylpyrazolidine,  110 
Phenylpyrazolidinedicarboxylic  acid,  111 
Phenylpyrazolidinedione,  111 
Phenylpyrazolidone,  104, 108,  111 
Phenylpyrazoline,  93,  94,  101,  102,  108, 
110 

Phenylpyrazolinedicarboxylic  acid,  102 
Phenylpyrazolol,  98,  110 
Phenylpyrazolone,  94,  96,  98,  103,  104 
105,  106,  108,  110,  111 
Phenylpyrazolonecarboxylic  acid,  108, 
109,  110 

Phenylpyridazine,  283 
Phenylpyridazinecarboxylic  acid,  283 
Phenylpyridazinedicarboxylic  acid,  283, 
285 

Phenylpyridazone,  284 
Phenylpyridine,  30,  31,  201,  205,  206,  213, 
214 

Phenylpyridinedicar  boxy  lie  acid,  213,  247 
Phenylpyridinediol,  210 
Phenylpyridineethanol,  212 
Phenylpyridinemethanol,  212 
Phenylpyridone,  205,  208,  209 
Phenylpyrimidazole,  269 
Phenylpyrimidol,  289 
Phenylpyrindenedione,  237 
Phenylpyrone,  178,  209 
Phenylpyronecarboxylic  acid,  178 
Phenylpyrrocoline,  268 
Phenylpyrrole,  31,  S3 
Phenylpyrrolidine,  49 
Phenylpyrroline,  48 
Phenyl  pyrryl  ketone,  36 
Phenylquinaldine,  233 
Phenylquinazoline,  292,  294 
Phenylquinazolinecarboxylic  acid,  292 
Phenylquinazolone,  292,  294,  295 
Phenylquinoline,  230, 233,  242 
Phenylquinolinecarboxylic  acid,  233 
Phenylquinolinedicarboxylic  acid,  242 
Phenylquinolinethiol,  240 
Phenylquinolylmethylpyrazole,  241 
Phenylquinoxaline,  301,  305 
Phenylrosinduline,  312 
Phenylsaf ranine,  315 
Phenyltetrahydropyridine,  219 
Phenyltetrahydropyrimidine,  291 
Phenyltetrahydroquinazoline,  295 
Plienyltetrazole,  170, 172 
Phenyltetrazolecarboxylic  acid,  150,  173 
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Phenyl tetrazolesulfonic  acid,  174 
Phenyl  tetrazolethiol,  174 
Phenyltetrazolol,  173, 174 
Phenylthiadiazole,  168 
Phenylthiadiazolecarboxylic  acid,  168 
Phenylthiadiazolethiol,  165 
Phenylthiaxanthenol,  194 
Phenylthiaxanthyl  radical,  194 
Phenylthiazetidine  anil,  14 
Phenyl  thiazolethiol,  141 
Phenylthiazoline,  142 
Phenylthiazolol,  141 
Phenyl  thiophene,  25 
Phenylthiotetrahydroquinazoline,  295, 
296 

Phenylthioxanthyl,  405 
Phenyl thiyl,  452 
Phenyltolylpyridine,  199 
Phenyltriazole,  148,  148,  155 
Phenyl triazolecarboxylic  acid,  149,  157 
Phenyltriazoledicarboxylic  acid,  149,  157 
Phenyltriazolol,  150 
Phenyltriazolone,  150,  158 
Phenyltriazolonecarboxylic  acid,  150,  158 
Phenyltriazolotriazole,  151 
Phenyltribenz  ophenazinium  hydroxide , 
304 

Phenyltribromopyrazole,  96 
Phenyltrimethyldihydrooxazine,  272 
Phenyltrimethyldihydrothiazine,  277 
Phenyltrimethylenediamine,  94 
Phenyltrimethy  lhy  dr  oxypyr  azoline ,  1 02 
Phenyltrimethylpyr  azole,  95, 102 
Phenyl  trimethylpyrazolone,  107 
Phenyltrimethylthiopyrazole,  107 
Phenyltrityl,  401 
Phenylurazole,  158,  159 
Phenylxanthene,  189 
Phenylxanthenol,  189 
Phenylxanthydrol,  190 
Phenylxanthydrol  chloride,  190 
Phenylxanthyl,  190,  405 
Phloroquinyl,  263 
Phosphin,  260 
Phthalazine,  283,  285 
Phthalazinedione,  287 
Phthalazone,  286,  287 
Phthalidenepyrrolenine,  30 
Phthalimide,  79,  85 
Phthalone,  134 
Phthalonimide,  254,  255 
Phthaloylhydrazine,  287 
Phthaloylphenylhydrazine,  287 
Phyllins,  42 

Phylloetioporphyrin,  46 
Phylloporphyrin,  46 
Phyllopyrrole,  82,  83 
Phyllopyrrolecarboxylic  acid,  87,  39 
Phytochlorine  e,  46 
Phytol,  46 
Phytorhodine  g,  46 
Piaselenole,  6,  169 
Piazthiole,  6,  89,  169 


Picolide,  268 
Picolinamide,  207 

Picoline,  198,  202,  204,  206,  207,  212,  214, 
268,  334 

Picoline  alkine,  212,  223 
Picoline bromopropionic  acid,  218 
Picolinelactic  acid,  218 
Picolinic  acid,  214,  333,  342 
Picolinium  iodide,  334 
Picrolonic  acid,  105,  204,  205,  212,  213 
Pigments,  bile,  8,  29,  31,  33,  37,  38,  41 
blood,  8,  29,  31,  33,  37,  38,  41 
flower,  182 
leaf,  33 

plant  37,  46,  185 
Pilocarpidine,  378,  379 
Pilocarpine,  127,  329,  378,  379 
Pilocarpoic  acid,  379 
Pilocarpus  species,  378 
Pilopic  acid,  378 
Pilosine,  378 

Pinacyanole  dyes,  234,  240 
Pipecoleine,  219 
Pipecoline,  219,  222 
Pipecolinic  acid,  224 
Piperazine,  297,  299 
Piperazinedione,  299 
Piper azinetetrone,  299 
Piperazone,  285 
Piperic  acid,  220,  332 
Piperidine,  5,  48,  197,  200,  204,  220,  332, 
334 

Piperidineacetaldehyde,  222 
Piperidineacetic  acid,  223 
Piperidineacetone,  222 
Piperidinecarboxaldehyde,  224 
Piperidinecarboxamide,  222 
Piperidinecarboxylic  acid,  220,  222,  224 
Piperidinedicarboxylic  acid,  225 
Piperidineethanol,  223,  224,  270 
Piperidine  oxide,  219,  221 
Piperidinepropanol,  224 
Piperidinepropionaldehyde,  224 
Piperidinepropionic  acid,  335 
Piperidinepropionic  acid  lactam,  224 
Piperidinesulfonic  acid,  219,  223 
Piperidone,  223 
Piperidylaminotriazine,  319 
Piperidylbiguanide,  319 
Piperidylmethylthiazoline,  142 
Piperidylurea,  222 
Piperidylurethan,  220,  222 
Piperine,  220,  222,  329,  382 
Piper  longum,  332 
Piper  nigrum,  332 
Piperolidine,  224 
Piperolidone,  224,  247 
Piperonalacetalamine,  369 
Pisum  sativum,  331 
Plant  alkaloids,  328 
Plant  pigments,  37,  46,  185 
Plasmochin,  240 
Plasmochin  compositum,  240 
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Polycentricity,  391,  406 
Polygonum  tinctorium ,  78 
Pomegranate  root  bark  alkaloids,  330, 
335,  348 

Porphine,  42 
Porphyrexide,  424 
Porphyrins,  8,  33,  42 
Primula  species,  187 
Primuline,  144 
Proline,  J+9,  50 
Prolylphenylalanine,  49 
Propenylpiperidine,  224,  334 
Propenylpyridine,  206,  334  * 
Propionylpyridine,  212,  218,  224 
Propylchlorophthalazine,  286 
Propyldimethylpyrazole,  95 
Propylfurfuryl  alcohol,  16 
Propylindazole,  115 
Propylphthalazone,  287 
Propylpiperidine,  221,  222, 225,  332 
Propylpiperidine  oxide,  222 
Propylpyridine,  205,  206,  333,  334,  348 
Propyl  pyrryl  ketone,  36 
Propylquinoline,  232 
Propyltetrahydroisoquinoline,  255 
Propyltetrahydropyridine,  219 
Protopine,  875,  376 
Protoporphyrin,  44,  45 
Pseudoazimidobenzene,  151 
Pseudocarbostyril,  238 
Pseudocarbostyril  methyl  ether,  238 
Pseudococaine,  845,  346,  347 
Pseudocodeine,  360 
Pseudocodeinone,  360,  363 
Pseudoconhydrine,  332,  334 
Pseudodiazoacetic  acid,  324,  325 
Pseudoecgonine,  345 
Pseudoecgonine  methyl  ester,  347 
Pseudoindole,  62,  63 
Pseudoindolone  oxide,  74 
Pseudoindoxyl,  70 
Pseudoisatoxime,  70,  76,  296 
Pseudoisocyanine  dyes,  234 
Pseudolutidostyril,  209 
Pseudolutidostyrilcarboxylic  acid,  217 
Pseudomethylgranatoline,  348 
Pseudomorphine,  358 
Pseudoopianic  acid,  372 
Pseudopelletierine,  335,  348 
Pseudophenanthroline,  265 
Pseudorosinduline,  310,  312 
Pseudothiadiazolone,  167 
Pseudothiohydantoin,  143 
Pseudothiopyrine,  107 
Pseudotropigenine,  345 
Pseudotropine,  345 
Psychotria  ipecacuanha,  376 
Psychotrine,  376 
Punica  granatum,  335,  348 
Purine,  11,  291 
Purines,  126,  288 
Purple  of  antiquity,  84 
Purpuric  acid,  105 


Pydine,  268 

Pyocyanine,  304,  309,  813,  392 

Pyraconitine,  383 

Pyracridine,  262 

Pyramidone,  91,  107 

Pyran,  175 

Pyrandione,  178 

Pyranhydrones,  177 

Pyranoses,  177 

Pyrazine,  6,  282,  296,  297 

Pyrazinecarboxylic  acid,  298,  301 

Pyrazinedicarboxylic  acid,  297,  298 

Pyrazinoquinoxaline,  300 

Pyrazinetetracarboxylic  acid,  298 

Pyazinetricai  boxy  lie  acid,  298 

Pyrazole,  4,  5,  89,  91,  96 

Pyrazole  blue,  105 

Pyrazolecarboxylic  acid,  100,  102 

Pyrazolecarboxylic  acid  azide,  106 

Pyrazolediazonium  chloride,  96 

Pyrazfbledicarboxylic  acid,  100,  117 

Pyrazoledione,  91 

Pyrazoletricarboxylic  acid,  99,  100 

Pyrazolidine,  91,  110 

Pyrazolidinedione,  111 

Pyrazolidone,  91,  111 

Pyrazoline,  91,  102 

Pyrazolinedicarboxylic  acid,  100,  102 

Pyrazolinetricarboxylic  acid,  100,  102 

Pyrazolol,  97,  98,  109 

Pyrazolone,  63,  91,  97,  103,  104,  108,  109 

Pyrazolone  azo  dyes,  110 

Pyrskzolonecarboxylic  acid,  109 

Pyrazoloneimine,  105,  106 

Pyrazolopyrimidinedione,  97 

Pyridazine,  6,  282,  283 

Pyridazinecarboxylic  acid,  283 

Pyridazinedicarboxylic  acid,  283,  286 

Pyridazinetetracarboxylic  acid,  283,  287 

Pyridazinone,  284 

Pyridazone,  283,  284 

Pyridindole,  266,  377 

Pyridine,  4#.,  30,  31,  108,  195,  196,  200, 

201,  203,  205,  206,  207,  210,  213,  220, 

334 

Pyridineacrylic  acid,  218,  224 
Pyridine  alkine,  211 
Pyridinearsine,  208 
Pyridinearsinic  acid,  206 
Pyridineazoresorcinol,  207 
Pyridine  betaine,  201,  203 
Pyridinecarbonyl  chloride,  203 
Pyridinecarboxaldehyde,  212,  334 
Pyridinecarboxylic  acid,  203,  213,  214, 

215,  377 

Pyridinediazonium  chloride,  208 
Pyridinediazonium  salt,  207 
Pyridinedibromopropiomc  acid,  218 
Pyridinedicarboxylic  acid,  197,  214,  215, 

216,  230,  242,  249,  251,  340 
Pyridinediethanol,  212 
Pyridinediol,  196,  206,  208,  210 
Pyridinedisulfonic  acid,  210 
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Pyridineethanol,  204,  206,  212,  223 
Pyridinelactic  acid,  218 
Pyridinemethanol,  212 
Pyridine  oxide,  204 
Pyridinepentacarboxylic  acid,  216 
Pyridinepropionic  acid,  218 
Pyridinequinone,  210 
Pyridinesulfonic  acid,  206,  209,  211 
Pyridinetetracarboxylic  acid,  216,  256 
Pyridinethiol,  211 

Pyridinetricarboxylic  acid,  216,  232,  241, 
252,  365 

Pyridinetriol,  211,  268 

Pyridinium  betaine,  13 

Pyridinium  chloride,  220 

Pyridinium  hydroxide,  201 

Pyridiniumsulfonic  acid,  203 

Pyridol,  206,  208,  209,  210,  217 

Pyridone,  177,  208,  209 

Pyridoneimine,  207 

Pyridone  methide,  197,  210 

Pyridophenanthroline,  263,  265 

Pyridoquinoline,  10,  265 

Pyridylformylacetic  ester,  218 

Pyridyl  methyloxopyrrolidyl  ketone,  338 

Pyridylpyrrole,  31,  33,  338 

Pyridylurethan,  207 

Pyrimidazole,  269 

Pyrimidazolecarboxylic  acid,  269 

Pyrimidazolone,  269 

Pyrimidine,  6,  282,  288 

Pyrimidinecarboxaldehyde,  289 

Pyrimidinecarboxylic  acid,  289 

Pyrimidinedicarboxylic  acid,  289,  292 

Pyrimidinediol,  290 

Pyrimidinedione,  290 

Pyrimidinetetrol,  290 

Pyrimidinetetrone,  290 

Pyrimidinetriol,  290 

Pyrimidinetrione,  290 

Pyrimidol,  289 

Pyrimidone,  289 

Pyrimidoquinazoline,  296 

Pyrimidoquinoxalinedione,  291 

Pyrindene,  237 

Pyrindigo,  267 

Pyrocinchonic  acid,  215 

Pyrocoll,  37,  67 

Pyrocomane,  179 

Pyrocomenic  acid,  179 

Pyrocresol,  189 

Pyrohypaconitine,  383 

Pyromecazonic  acid,  179,  211 

Pyromeconic  acid,  179,  211 

Pyromucic  acid,  20 

Pyromucic  acid  chloride,  19 

Pyromycuric  acid,  17,  20 

Pyrone,  6,  175,  177,  178,  179 

Pyronecarboxylic  acid,  178,  179,  217 

Pyronedicarboxylic  acid,  179 

Pyronine,  189,  190 

Pyrotritaric  acid,  20 

Pyrrocoline,  268 


Pyrroetioporphyrin,  46,  47 
Pyrroglutamic  acid,  49 
Pyrrole,  4  ff.,  14,  28,  29,  31,  37,  47,  75,  89, 
90,  201,  206 

Pyrroleazo  compounds,  34 
Pyrrolecarbamic  acid,  37 
Pyrrolecarboxaldehyde,  35,  39 
Pyrrolecarboxylic  acid,  31,  37 
Pyrroledicarboxylic  acid,  37 
Pyrroledimethanol,  34 
Pyrrolenine,  29 
Pyrrole  red,  30 
Pyrrolidine,  48,  336 
Pyrrolidinecarboxylic  acid,  49 
Pyrrolidone,  48,  50 
Pyrrolidonecarboxylic  acid,  49 
Pyrroline,  47 
Pyrrolopyridine,  266,  268 
Pyrroloquinoline,  246 
Pyrrolylene,  48 
Pyrroporphyrin,  46,  47 
Pyrroylpyrrole,  31,  36 
Pyrrylinagnesium  bromide,  37 
Pyrrylmagnesium  iodide,  31,  35 
Pyrryl  methyl  ketone,  31 ,36 
Pyrryl  phenyl  ketone,  31,  36 
Pyrylium  chloride,  176 
Pyrylium  salts,  200 

Q 

Quebrachine,  382 

Quebracho  Colorado,  188 

Quebrachoic  acid,  382 

Quercetin,  186,  187,  188 

Quercitrin,  188 

Quercus  tinctoria,  188 

Quinacridine,  262,  263 

Quinacridinol,  263 

Quinacridone,  263 

Quinacrine,  8 

Quinaldic  acid,  241,  269 

Quinaldic  acid  chloride,  241 

Quinaldine,  229,  232,  234,  235,  241,  252 

Quinaldinecarboxylic  acid,  242 

Quinaldineoxalic  ester,  233 

Quinaldinic  acid,  232 

Quinaldone,  239 

Quinazoline,  289,  291,  292,  293 

Quinazolinedione,  292,  295,  296 

Quinazolone,  278,  292,  293,  294 

Quindoline,  267 

Quindolinecarboxylic  acid,  267 

Quinene,  355 

Quinhydrones,  dimeric,  430 
Quinic  acid,  351,  353 
Quinidine,  243,  351,  353  ff. 

Quinindene,  256 
Quinindoline,  236,  267 
Quinindolinecarboxylic  acid,  267 
Quinindolinediol,  267 
Quinine,  215,  216,  223,  240,  243,  329,  351, 
353,  354 

Quinine  chloride,  355 
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Quininic  acid,  243 
Quininic  acid  amide,  236 
Quininone,  353 
Quinisatin,  240 
Quinisatinic  acid,  240 
Quinizarin,  248 
Quinobenzidine,  438 
Quinolanol,  230 
Quinolinamic  acid,  214 
Quinoline,  65,  197,  213  226,  228,  229, 

230,  235,  238,  241,  244, 245,  269 
Quinolineacetaldehyde,  233 ,  234 
Quinolineacetic  acid,  233 
Quinolineacrylic  acid,  233,  240,  247 
Quinolinearsenic  acid,  236 
Quinoline  betaine,  230 
Quinolinecarboxaldehyde,  240 
Quinolinecarboxylic  acid,  230,  232,  241 , 
242, 353 

Quinolinecarboxylic  acid  amide,  236 
Quinolinedicarboxylic  acid,  243,  247,  256, 
258 

Quinolinediol,  77, 239, 243 
Quinolineethanol,  232 
Quinolineins,  215 
Quinolinelactic  acid,  233 
Quinolinemethylenephthalide,  233 
Quinoline  oxide,  230,  235 
Quinolinepropionic  acid,  233 
Quinoline  pyrryl  ketone,  241 
Quinolinepyruvic  acid,  233 
Quinoline  red,  235,  252 
Quinolinesulfonic  acid,  235,  237 
Quinolinethiol,  240 
Quinolinetriol,  240 
Quinolinetrione,  240 
Quinoline  yellow,  233 
Quinolinic  acid,  214,  215,  217,  230,  237, 
248 

Quinolinic  acid  methylbetaine,  215 
Quinolinic  anhydride,  248 
Quinolinium  chloride,  235 
Quinolinium  compounds,  229 
Quinolinobenzene,  9 
Quinolinol,  232,  235,  237,  238,  239,  242 
Quinolone,  243 

Quinolone  methide,  234,  240,  243 
Quinolylnitramide,  236 
Quinonetetraphenyldimethide,  413 
Quinophenol,  237 
Quinophthalone,  134,  233 
Quinophthalonesulfonic  acid,  233 
Quinoquinoline,  248 
Quinotenine,  353 
Quinotoxine,  354 
Quinovine,  351 

Quinoxaline,  297,  298,  299,  300,  301 
Quinoxalinediacetic  ester,  302 
Quinoxalinedicarboxamic  acid,  302 
Quinoxalinedicarboxylic  acid,  300,  302 
Quinoxalinediol,  300,  301,  302,  303 
Quinoxalinol,  300,  302 
Quinoxalophenoxazine,  316 


Quinoxaloquinoxaline,  302 
Quinuclidine,  223,  270,  355 

R 

Radicals,  free  organic,  387  ff. 

organic,  with  divalent  nitrogen,  433 
Ranunculaceae,  368 
Reimer-Tiemann  synthesis,  35 
Remija  pedunculata ,  352 
Resacetein,  185 
Resazurin,  276 
Reseda  luteola,  187 
Resorufin,  275,  276 
Rhodaninic  acid,  143 
Rhodoporphyrin,  46 
Rhus  cotinus,  188 
Ricinine,  211 
Ring  strain,  389 
Rivanol,  260 
Robinia  pseudacacia,  188 
oil  from,  62 
Robinin,  188 
Rosaniline,  260 
Rosindoles,  64 
Rosindone,  313 
Rosindonic  acid,  313 
Rosinduline,  312 
Rosindulin  GG,  392 
Rubane,  352 
Rubanone,  356 
Rubatoxanone,  356 
Rubazonic  acid,  105,  108,  110 
Rubrene,  415 
irradiated,  412 
Rutaecarpine,  10,  378 

S 

Sabadine,  383 

Saccharine,  124 

Safranine,  303,  308,  313,  314 

Safranine  chloride,  310 

Safraninone  chloride,  309 

Safranol,  314,  315 

Safranone,  311,  315 

Sakuranetin,  189 

Salipyrine,  106 

Sarothamnine,  339 

Sarothamnus  scoparius,  339 

Schar dinger  reaction,  281 

Scoparin,  188 

Scopine,  344 

Scopolamine,  340,  343 

Scopoline,  344 

Scopolinic  acid,  336,  344 

Sebacic  acid  aminoanil,  328 

Sebacic  acid  hydrazide,  328 

Sebacic  acid  phenylenediamide,  328 

Selenaxanthone,  195 

Selenazole,  5,  140 

Selenindigo,  61 

Selenodiazole,  5 

Selenophene,  14,  28 
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Selenopyrine,  109 
Selenoxene,  28 
Selivanov  reaction,  19 
Semidines,  435 
Semiradicals,  430 
Sinapanpropionic  acid,  277 
Sinomenine,  363 
Sinomenium  acutum,  363 
Sinomenol,  364 
Skatole,  62,  65,  67 
Skatolecarboxylic  acid,  67 
Skimmia  japonica,  350 
Skimmianal,  350 
Skimmianic  acid,  350 
Skimmianine,  350 
Skimmia  repens,  350 
Solanum  bases,  340 
Solvent  naphtha,  52 
Sophora  speciosa ,  349 
Sophora  tomentosa,  349 
Sophorine,  349 
Sparteine,  339 
Sparteine  oxide,  339 
Spartium  scoparium,  188 
Spartyrine,  339 
Stachydrine,  49,  329 
Stachys  tuber  if  era,  49 
Stilbazole,  202,  206 
Stilbazonium  salts,  300 
Streptovinylenequinocyanines,  234 
Strophanthus  species,  331 
Strychnic  acid,  379 
Strychnidine,  379,  381 
Strychnine,  204,  247,  329,  379,  381 
Strychnine  oxide,  380 
Strychnine  peroxide,  380 
Strychninesulfonic  acid,  380 
Strychninolic  acid,  380 
Strychninolone,  380 
Strychnoline,  380 
Strychninonic  acid,  380 
Strychnos  species,  379 
Stubb  fat,  85 
Sturin,  129 

Styrylcinchoninic  acid,  242 
Styrylmethylbenzimidazole,  134 
Styrylpyridine,  206 
Styryl  pyrryl  ketone,  36 
Styrylquinazolone,  294 
Styrylquinoline,  233 
Subhalides,  430 
Succinimide,  5,  29,  48,  50 
Sulfocinchoninic  acid,  243 
Sulfonidotriphenylmethyl,  405 
Sulfophenylpyrazolonecarboxylic  acid, 
110 

Sulfophenylsulfobenzeneazohydroxypy- 
razolecarboxylic  acid,  110 
Sulfur  black,  282 
Sulfur  dyes,  87,  144,  282 
Sulfuvinic  acid,  142 
Sylvan,  16 

Syringidin  chloride,  182 


T 

Tar,  bone,  204 
beechwood,  16 

coal,  7,  23,  29,  52,  57,  61,  65,  85,  86,  195, 
203  ff.,  226,  229,  230,  232,  249,  251, 
258,  260 

lignite,  57,  195,  229 
low-temperature,  195,  229 
pine,  16 
shale,  25,  195 
wood,  7,  195 
Tartrazine,  110 
Tartrazinic  acid,  110 
Tartrazinogenic  acid,  110 
Tellurapyran,  195 
Tellurindigo,  28 

Tetraalkylammonium  radicals,  424 
Tetraaminopyrimidine,  290 
Tetraanisylhydrazine,  436 
Tetraaryldiarsyls,  444 
Tetraaryldistibylene,  445 
Tetraarylhydrazinium  salts,  432 
Tetrabenzacridine,  259 
Tetrabenzophenoxazine,  275 
Tetrabenzylhydrazine,  437 
Tetrabiphenylylethane,  411 
Tetrabiphenylylhydrazine,  436 
Tetrabromodimethylaminophenothia- 
zone,  282 

Tetrabromoindigotin,  84 
Tetrabromothiophene,  24,  26 
Tetrachloroindigotin,  84 
Tetrachloromethylenequinone,  450 
Tetrachlorophenothiazine,  279 
Tetrachloropyridine,  206,  217 
Tetrachloropyrimidine,  289,  290 
Tetrachloropyrrole,  29,  30,  33 
Tetrachloroquinonemethide,  450 
Tetrachlorothiophene,  26 
Tetradimethylaminotetraphenylhydra- 
zine,  436 

Tetraethylammonium,  428 
Tetraethyldistibyl,  444 
Tetraethylphenosafranine,  314 
Tetraethylphosphonium,  444 
Tetrafluorenylhydrazine,  437 
Tetrahydroacridine,  260 
Tetrahydroacridone,  262 
Tetrahydroazepotetrazole,  171,  174 
Tetrahydrobenzisoxazole,  122 
Tetrahydrobenzodiazepine,  326 
Tetrahydrobenzoquinoline,  248 
Tetrahydroberberine,  373 
Tetrahydrobipyridine,  204,  218 
Tetrahydrobrucine,  380 
Tetrahydrocarbazole,  67,  86,  87 
Tetrahydrocarbazolecarboxylic  acid,  87, 
88 

Tetrahydrocinchoninic  acid,  245 
Tetrahydrodibenzofuran,  85 
Tetrahydrodiphenylfuran,  21 
Tetrahydrofuran,  16,  22 
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Tetrahydrofurandicarboxylic  acid,  22 
Tetrahydroharmine,  377 
Tetrahydroimidazole,  131 
Tetrahydroindazole,  118 
Tetrahydroisoquinoline,  252,  254,  255 
T etrahydroisoquinolinecarboxylic  acid, 
255 

Tetrahydroisoquinolinetriol,  357 
T etrahydroisoquinolinetrione,  254 
Tetrahydrojatrorrhizine,  374 
Tetrahydromethoxyflavylium  chloride, 
182 

Tetrahydromethylphenylfuran,  21 
Tetrahydronaphthalene  oxide,  12 
Tetrahydronaphthylamine,  247 
Tetrahydronicotyrine,  338 
Tetrahydrooxazine,  273 
Tetrahydrooxazole,  137 
Tetrahydropalmatine,  374 
Tetrahydropapaverine,  255 
T etrahy drophenyldimethylpyrazole,  95 
Tetrahydrophthalazine,  286 
Tetrahydropicoline,  219 
Tetrahydropiperine,  332 
Tetrahydropyran,  175 
Tetrahydropyridine,  219 
T etrahy dropyridinecarboxaldehyde,  21 9, 
224, 225 

Tetrahydropyridine  nitrile,  225 
Tetrahydropyrimidine,  291 
Tetrahydropyrroloquinolinone,  246 
Tetrahydroquinaldine,  245 
Tetrahydroquinazoline,  294,  295,  296 
Tetrahydroquinoline,  230,  238,  243,  244, 
245,  246 

Tetrahydroquinolinepropionic  acid  lac¬ 
tam,  246 

Tetrahydroquinoxaline,  301 
Tetrahydroselenophene,  28 
Tetrahydrostrychnine,  379 
Tetrahydrothebaine,  362 
Tetrahydrothiadiazole,  159,  168 
Tetrahydrothiazinedione,  277 
Tetrahydrothiazole,  143 
Tetrahydrothiophene,  28 
Tetrahydrothiophenedicarboxylic  acid, 

28 

Tetrahydrotoluquinoline,  244 
Tetrahy  droxy  dimethoxy  flavy  lium ,  chlo¬ 
ride,  182 

Tetrahydroxyflavanone,  189 
Tetrahydroxyflavone,  187 
Tetrahy  dr  oxyflavonol,  188 
Tetrahy droxyflavylium  chloride,  182 
Tetrahydroxymercurifuran  tetraacetate, 
16 

Tetraiodofuran,  17 
Tetraiodoimidazole,  128 
Tetraiodoindigotin,  84 
Tetraiodopyrrole,  29,  88 
Tetrakiscarbethoxydimethylpyrryl- 
ethane,  41 

Tetramethylammonium  amalgam,  429 


T  etramethylanhydrohematoxylin,  1 92 
Tetramethylbenzimidazolinol,  135 
Tetramethylbipyridine,  206 
T etramethyldiaminobenzophenone  sul- 
fone,  194 

Tetramethyldiaminodiphenylmethane 
sulfone,  194 

Tetramethyldiaminophenazothionium 
chloride,  280 

T  etr  amethyldiaminothiaxanthone,  1 95 
Tetramethyldiaminoxanthene,  189,  190 
Tetramethyldiaminoxanthone,  190 
Tetramethyldimethoxydiphenylnitric 
oxide,  427 

Tetramethylene  oxide,  4,  22 
Tetramethylene  sulfide,  28 
Tetramethylenimine,  3, 48 
Tetramethylethylene  oxide,  12 
Tetramethylhematoxylon,  192 
Tetramethylhydroxypiperidine,  223 
.Tetramethyloxindigo,  56 
Tetramethylpiperazine,  299 
Tetramethylpiperidine,  222 
Tetramethylpiperidinol,  223 
Tetramethylpiperidone,  223 
Tetramethylpyrazine,  297 
Tetramethylpyrazole,  94 
Tetramethylpyridine,  205 
Tetramethylpyrone,  179 
Tetramethylpyrrole,  32 
Tetramethylpyrrolidinecarboxylic  acid, 
50 

Tetramethylpyrroline,  48 
Tetramethylpyrrolinecarboxylic  acid,  48 
Tetramethylpyrrolinecarboxylic  acid 
amide,  60, 223 

Tetramethylpyrromethane,  39 
Tetramethylpyrromethanedicarboxylic 
acid,  39 

Tetramethylpyrromethene,  40, 44 
Tetramethylpyrrophenylmethanedicar- 
boxylic  acid,  39 
Tetramethyl quinoline,  232 
Tetramethylquinolinium  iodide,  240 
T etramethyltetraethylporphyrin,  42 
Tetranitrocarbazole,  87 
Tetraphenylaldine,  298 
Tetraphenylallene  sodium,  423 
Tetraphenylallyl,  406 
Tetraphenylbenzodipyrrole,  63 
Tetraphenylbutadiene,  414 
Tetraphenylbutane,  410 
Tetraphenylcacodyl,  444 
Tetraphenylchromium,  453 
Tetraphenylcyclobutanedione,  414 
Tetraphenyldiacetyltetrazane,  441,  442 
Tetraphenyldibenzoyltetrazane,  442 
Tetraphenyldibenzylethane,  410 
Tetraphenyldiethylethane,  410 
T  etraphenyldihy  drophenanthrene,  413 
Tetraphenyldihydropyridazine,  95, 283 
Tetraphenyldihydrotetrazine,  325 
Tetraphenyldimethylethane,  410 
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Tetraphenyldioxane,  414 
Tetraphenylethane,  411 
Tetraphenylfuran,  16 
Tetraphenylhexahydrotetrazine,  325 
Tetraphenylhexane,  410 
Tetraphenylhydrazine,  433  ff. 

Tetraphenyl  lead,  424 
Tetraphenylpyrazine,  298 
Tetraphenylpyridine,  205 
Tetraphenylrubene,  415 
Tetraphenylsuccinodinitrile,  408 
Tetraphenylthiophene,  23, 26 , 33 
Tetraphenylxylylene,  413 
Tetrapyrrylethane,  41 
Tetrathienyllead,  24 
Tetrathienyltin,  24 
Tetratolylhydrazine,  436 
Tetrazabicyclohexene,  156 
Tetrazine,  7,  323,  324,  406 
Tetrazinedicarboxylic  acid,  324 
Tetrazole,  4,  6,  89,  91,  169,  170,  172,  173, 
174, 214, 237 

Tetrazolecar  boxy  lie  acid,  173 
Tetrazolesulfonic  acid,  174 
Tetrazolethiol,  172,  173 
Tetrazolol,  173,  174 
Tetrazolopyridinecarboxylic  acid,  214 
Tetrazoloquinoline,  172, 237 
Tetronic  acid,  22,  216 
Tetrophan,  242 
Thalleioquinic  reaction,  351 
Thalline,  244 
Thebaine,  358,  361,  362 
Thebaizone,  363 
Thebaol,  362 
Thebenine,  362 
Theobromine,  329 
Thermochromism,  396 
Thiadiazine,  6,  7,  322 
Thiadiazole,  5,  6,  89,  165,  166,  168,  169, 
406 

Thiadiazolecarboxylic  acid,  168 
Thiadiazoledicarboxylic  acid,  168 
Thiadiazoledisulfonic  acid,  168 
Thiadiazoledithiol,  165,  166, 168 
Thiadiazolidine,  168 
Thiadiazoline,  166 
Thialdine,  322 

Thianaphthene,  7,  51,  56,  57,  61 
Thianaphtheneamine,  57,  59 
Thianaphthenecar  boxy  lie  acid,  57 
Thianaphthenedicarboxylic  acid,  57 
Thianaphtheneindoleindigo,  70 
Thianaphthenequinone,  58,  59,  60,  123 
Thianaphthenequinone  anil,  58,  59,  60 
Thianaphthenequinone  oxime,  58,  59 
Thianaphthenequinone  oxime  phenylhy- 
drazone,  59 

Thianaphthenol,  57,  58,  59,  60 
Thianaphthenone,  58 
Thianthrene,  270 
Thiapyran,  6,  193 
Thiapyranone,  193,  194 


Thiapyrone,  193 
Thiatriazabicyclohexene,  156 
Thiatriazine,  7 
Thiatriazole,  6,  89,  169 
Thiaxanthene,  194 
Thiaxanthone,  194 
Thiaxanthydrol,  194 
Thiazine,  6,  277,  278 
Thiazine  dyes,  279 
Thiazole,  4,  5,  89,  140 
Thiazolediazonium  hydroxide,  141 
Thiazoledione,  143 
Thiazoledioneacetic  acid,  143 
Thiazoline,  142 
Thiazolinethiol,  142 
Thiazolol,  142,  143 
Thiazolone,  142,  143 
Thiele’s  theory,  15 
Thiele-Werner  theory,  389,  409 
Thienone,  27 

Thienylacrylic  acid,  24,  27 
Thienyldiphenylmethane,  26 
Thienyl  ethyl  ketone,  27 
Thienylglyoxylic  acid,  27 
Thienylindole,  66 
Thienylmagnesium  iodide,  24,  27 
Thienylmethanol,  27 
Thienyl  methyl  ketone,  27 
Thienyl  phenyl  ketone,  27 
Thienyl  propyl  ketone,  27 
Thienylsulfonyl  chloride,  27 
Thienyltriphenylmethane,  26 
Thienylurethan,  26 
Thioacridone,  261 
Thioanthranil,  123,  124 
Thiobenzimidazolone,  136 
Thiobenzoxazolone,  139 
Thiocarbonylthiocarbanilide,  14 
Thiochroman,  194 
Thiochromene,  194 
Thiocoumazone,  273 
Thiocoumothiazone,  278 
Thiocyanuric  acid,  318 
Thiodihydroacridine,  261 
Thiodihydrobenzothiazine,  278 
Thiodihydrobenzoxazine,  273 
Thiodihydroquinazolone,  296 
Thiodinaphthylamine,  279 
Thiodiphenylamine,  278 
Thioflavanone,  194 
Thioflavine  T,  144 
Thiofurfural,  16 
Thioimidazolidone,  14 
Thioindigo,  60 
Thioindigo  red,  56,  58,  60 
Thioindigo  scarlet  R,  58,  73,  77 
Thioindigo  white,  60 
Thioindirubin,  58,  59 
Thioindogenides,  58 
Thioindoxyl,  57,  60 
Thioisatin,  76 
Tliiolutidone,  211 
Thionaphthoylthiyl,  452 
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Thionessal,  23,  26 
Thionine,  280,  282 
Thionine  dyes,  279 
Thionodihydrobenzoxazine,  273 
Thionol,  282 
Thionoline,  282 
Thiooxadiazoline,  164 
Thiophene,  4  ff.,  14,  22,  23,  24,  27,  28,  89, 
90 

Thiophenecarboxaldehyde,  27,  57 
Thiophenecar  boxy  lie  acid,  24,  25,  26,  27 
Thiophenecarboxylic  acid  chloride,  27 
Thiophenedicarboxylic  acid,  27 
Thiophene  green,  27 
Thiophenemercury  hydroxyacetate,  24 
Thiophenesulfonic  acid,  26, 27 
Thiophenetetracarboxylic  acid,  23,  28 
Thiophenethiol,  27 
Thiophenine,  26 
Thiophenuric  acid,  25 
Thiophenylnaphthylamine,  279 
Thiophthene,  28 
Thiopyridone,  211 
Thiopyrindigo,  267 
Thiopyrine,  106,  107,  109 
Thiopyronine,  194 
Thioquinanthrene,  235 
Thiorosindone,  313 

Thiotetrahydroquinazoline,  278,  294,  295 
Thiothiadiazoline,  167 
Thiothiazoledione,  143 
Thiotolene,  25 

Thiotolylphenylnitrogen,  443 
Thiourazole,  159,  167 
Thiouretidone,  14 
Thioxanthone,  191 
Thioxene,  25 
Thornapple,  340 
Thymine,  289,  290 
Thyminecarboxaldehyde,  291 
Thymus  nucleic  acid,  290 
Tin  trialkyls,  424 
Tin  triaryls,  424 
Tobacco  plant,  336 
Tolazone,  287 

Tolueneazoindazole,  113,  116 
Toluphenazine,  305 
Tolupiaselenole,  169 
Toluquinaldine,  232 
Toluquinoline,  232 
Toluquinoxaline,  301 
Tolusafranine,  314 
Toluylene  red,  303,  309 
Tolyldimethylpyrazolone,  106 
Tolylmethylbenzotriazole,  152 
Tolylmethyldihydrobenzotetrazine,  323 
Tolylpyrazole,  94 
Tolypyrine,  106 
Tolyltetrazole,  172 
Tolyltrimethylenediamine,  94 
Tolylxanthyl,  405 
Triacetic  acid,  178 
Triacetonealkamine,  223 


Triacetoneamine,  223 
Triacetonine,  223 

Triacetyldihydroxynaphthopyrazoledi- 
one,  100 

Triacetylthebaine,  363 
Triaminopyrimidine,  290,  291 
Triaminothiopyrimidine,  290 
Triaminotriazine,  319 
Trianisylboron  sodium,  455 
Triarylaminium  salts,  431,  432 
Triarylhydrazyls,  433,  439 
Triarylmethyls,  393 

degree  of  association,  400 
quinoid  nature,  400 
stereochemistry  of  assymetric,  391 
Triazine,  6,  7,  317,  319 
Triazinetriol,  319 
Triazinetrione,  319 

Triazole,  4  ff.,  89,  146,  147,  148,  149,  153, 
155, 157,  158,  165, 214,  323, 406 
Triazolecarboxylic  acid,  149, 157 
Triazoledicarboxylic  acid,  149,  152 
Triazolethiol,  155,  156 
Triazolidinedione,  158 
Triazolol,  150,  158 
Triazolone,  150,  158 
Triazolonecarboxylic  acid,  150* 
Triazolopyridinecarboxylic  acid,  214 
Triazoloquinoline,  237 
Triazotetrazole,  173 
Triazsulfole,  89,  169 
Tribenzophenazime,  312 
Tribenzylboron  sodium,  455 
T ribiphenylylmethyl,  388,  389,  396,  402 
Tribromoimidazole,  128 
Tribromomethylquinoline,  232 
Tribromothiophene,  26 
Tricarbazolemethanol,  87 
Trichloromethylpyridineethanol,  212,  218 
Trichloromethyl quinoline,  232 
T richloromethylquinolineethanol ,  233 
Trichlorophenylmethyl,  402 
Trichloropyridine,  206 
Trichloropyridineacetic  acid,  217 
Trichloropyridinemalonic  ester,  217 
Trichloropyrimidine,  289, 290,  291 
Trichloropyrrole,  33 
Trichloroquinoline,  229,  235 
Trichlorotriazine,  319 
Tricyclohexylboron,  455 
Tridichloroethyltriazine,  318 
Triethylsulfonium,  452 
Trifurylimidazoline,  130 
Trigemin,  108 

Trigonella  foenum  graecum,  331 
Trigonelline,  214,  331,  337 
Trihydrocyanic  acid,  317 
Trihydroxy butylpyri dine,  205,  212 
Trihydroxyflavanone,  188 
Trihydroxyflavone,  187 
Trihydroxyflavonol,  188 
Trihydroxyflavylium  chloride,  182 
Trihydroxymethoxyflavarone,  189 
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T rihy dr oxy methy lisocar bosty ril ,  253 
Trihydroxypyridine,  179,  211 
Trihydroxythiaxanthone,  194 
Trihydroxytrimethoxyflavylium  chloride, 
182 

Trihydroxyxanthone,  191 
Triiodoimidazole,  128 
Triketopiperidine,  211 
Trimethoxycoumarin,  183 
T  rimethoxy  diphenyldiphenylally  1 ,406 
Trimethylacetylpyrrole,  33 
Trimethylanhydrobrasilin,  192 
Trimethylbenzimidazole,  133 
Triraethylbenzimidazolinol,  135 
Trimethylbenzofuran,  52 
Trimethylbenzothiadiazole,  168 
Trimethylbenzothiazolium  chloride,  144 
Trimethylbenzotrifurantricarboxylic 
acid,  56 

Trimethylbenzoxazine,  272 
Trimethylbenzoxazole,  139 
Trimethylbenzylideneindoline,  71 
Trimethylbrasilon,  192 
Trimethylconiinium  hydroxide,  333 
Trimethyl  dihy  dr  odinicotinic  acid,  198 
Trimethyldihydropyrimidone,  291 
Trimethyldihydrothiazinethiol,  277 
Trimethylenehydantoin,  49 
Trimethylene  oxide,  4, 13 
Trimethylenequinoline,  256 
Trimethylenimine,  5,  13 
Trimethylimidazole,  127 
Trimethylindamine,  436 
Trimethylindole,  65,  72 
Trimethylindolenine,  62 
Trimethylindolinol,  63,  72 
Trimethylindolinone,  64,  72 
Trimethylindolone,  64,  71,  72 
Trimethylisoxazole,  119 
Trimethylmethyleneindoline,  63,  64,  71 
Trimethylnicotinic  acid,  216 
Trimethylolquinaldine,  232 
Trimethyloxadiazinol,  322 
Trimethyloxindole,  72 
Trimethyl oxodihydrofuropyridine,  216 
Trimethylphenyldihydroquinoline,  243 
Trimethylphenylindolinol,  72 
Trimethylpiperazine,  299 
Trimethylpiperidinol,  223 
Trimethylpiperidone,  223 
Trimethylpseudoindole,  63,  64,  66 
Trimethylpyrazine,  297 
Trimethylpyrazole,  94 
Trimethylpyrazoline,  101,  102 
Trimethylpyrazolone,  106 
Trimethylpyridine,  204  ff. 
Trimethylpyridinedicarboxylic  acid,  216 
Trimethylpyridone,  209 
Trimethylpyrrole,  32 
Trimethylpyrrolecarboxaldehyde,  35 
Trimethylpyrrolepropionic  acid,  37 
Trimethylpyrrolidine,  49 
Trimethylpyrrolidinium  chloride,  48 


Trimethylpyrroline,  47 
Trimethylquinolide,  216 
Trimethyl  quinoline,  232 
Trimethylquinolinic  acid,  216 
Trimethylquinolinium  iodide,  240 
Trimethylquinoxaline,  301 
Trimethyltetr ahy dr opyrimidine,  291 
Trimethylthiazole,  140 
Trinaphthylboron  sodium,  455 
Trinaphthylmethyl,  402 
Trinitrophenylmethyl,  403 
Trioxane,  270 
Trioxindole,  73 

Trioxotetrahydroisoquinoline,  255 
Trioxy methylene,  3,  270 
Triphenazineoxazine,  316 
Triphenodioxazine,  277 
Triphenylbenzylimidazole,  125 
Triphenylboron,  454 
Triphenylboron  cesium,  455 
Triphenylboron  sodium,  454 
Triphenylbromopyrazole,  96 
Triphenylchromenyl,  407 
Triphenyl  chromium,  454 
Triphenyldihydroanthracene,  413 
Triphenyldihydropyridazine,  283 
Triphenyldihydroquinoxaline,  300 
Triphenylendoiminodihydrotriazole,  156 
Triphenylfuran,  16 
Triphenylhydrazine,  440,  443 
Triphenylhydrazyl,  439 
Triphenylimidazole,  128 
Triphenylimidazoline,  130 
Triphenylindenyl,  407 
Triphenylisoxazole,  120 
Triphenyl  lead,  424 
Triphenylmethane  dyes,  404 
Triphenylm ethyl,  388,  393,  394,  398,  401, 

420,  426,  435,  440,  443,  447,  448,  451, 

453,455 

molecular  compounds,  400 
Triphenylmethyl  chloride,  399 
Triphenylmethyl  perchlorate,  398 
Triphenylmethyl  peroxide,  422,  445 
T  riphenylmethylpyrazolidine,  110 
Triphenylmethyl  sodium,  398 
Triphenyloxazole,  128,  137 
Triphenyloxazolone,  136 ,  137 
Triphenylphosphonium  betaine,  14 
Triphenylpyranol,  177 
Triphenylpyrazole,  92,  95,  110,  283 
Triphenylpyrazolecarboxylic  acid,  99,  101 
Triphenylpyrazoline,  102 
Triphenylpyridazine,  283 
Triphenylpyridine,  205 
Triphenylpyrylium  chloride,  176 
Triphenylquinoxalinium  chloride,  300 
T  riphenyltetr  ahy  dr  oimidazole,  131 
Triphenyltetrahydropyrazine,  299 
Triphenylthiazole,  140 
Triphenyltriazine,  128,  318 
Triphenyltriazole,  147,  149,  155 
Triphenyltribromopyrazoline,  102 
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Triphenyltricyanogen,  128 
Triquinolylmethane,  234 
Trisacetyldimethylpyrrylmethane,  40 
Trisbiphenylylmethyl,  402 
Triscarbethoxydimethylpyrrylmethane, 
40 

Trisdimethylaminotriphenylmethyl,  404 
Trithiane,  270 
Trithioacetyltriazine,  318 
Trithiomethylene,  270 
Tritolylaminium  perchlorate,  431 
Tritolylboron  sodium,  455 
Tritolyl  lead,  424 
Tritolylmethyl,  401 
Tritrichloromethyltriazine,  318 
Trityl.  See  Triphenylmethyl 
Trityl  iodide,  397 
Tritylsodium,  427 
Trityltetramethylammonium,  427 
Trixenylmethyl,  402 
Trixylylboron  sodium,  455 
Trixylyl  lead,  424 
Tropacocaine,  345 
Tropane,  342,  343,  344,  347 
Tropane  alkaloids,  330,  340 
Tropauolcarboxylic  acid,  348 
Tropanone,  343 
Tropeine,  341 
Tropidine,  343,  343 
Tropigenine,  342 
Tropilene,  343 
Tropilidene,  342,  343 
Tropilidenecar  boxy  lie  acid,  346 
Tropine,  50,  223,  225,  340,  341,  342 ,  343, 
345, 346 

Tropine  atropate,  341 
Tropinecarboxylic  acid,  344,  345 
Tropinic  acid,  50,  343,  345 
Tropinone,  223,  343,  343,  345,  346 
Tropinonecar  boxy  lie  acid,  346 
Tropinonedicar  boxy  lie  acid,  343 
Truxilline,  344 
Trypaflavine,  258,  260 
Tryptophan,  7,  67,  242,  266,  377 
Tschitschibabin’s  transformation,  399, 
426,  435 

U 

Ulexine,  349 
Ultradissociation,  391 
Umbelliferone,  51 
Uracil,  288,  289,  290 
Uracilcarboxaldehyde,  291 
Uracilcarboxylic  acid,  290 
Uramil,  290 
Urazine,  159 
Urazole,  155,  158 
Ureins,  131 
Uretidone,  14 
Uric  acid,  289,  290 
Usninic  acid,  192 


Uvinic  acid,  20 
Uvitinic  acid,  20 
Uvitonic  acid,  216 

V 

Valency,  divisibility,  388 
tautomerism,  391 
Valerolactam,  5 
Valerolactone,  4,  175 
Veramon,  108 
Veratridine,  383 
Veratrine,  383 
Veratrum  species,  383 
Verdoporphyrin,  46 
Vetch,  290 
Vicine,  290 
Vidal  Black,  282 
Vinylbenzimidazole,  133 
Vinyldiacetoneamine,  223 
Vinylideneoxanilide,  131 
Vinylpyridine,  206 
Vinylquinoline,  232 
Violones,  177 
Vitamin  B2,  392 
Vitexin,  188 
Vitex  littoralis,  188 
Voluntal,  108 
Vomicine,  381 
Vomicinic  acid,  381 
Vuzine,  356 

W 

Woad,  78 
Wood,  pine,  16 
Wurster’s  dye,  422,  425 
Wurster’s  red,  392 

X 

Xanthene,  189 
Xanthione,  191, 194 
Xanthobilirubic  acid,  39 
Xanthone,  189,  191,  419 
Xanthone  anil,  191 
Xanthone  oxime,  191 
Xanthone  phenylhydrazone,  191 
Xanthopyrrolecarboxylic  acid,  38 
Xanthoquinic  acid,  243 
Xanthydrol,  189 
Xanthydrol  ether,  190 
Xanthylidenexanthene,  191 
Xanthyls,  410 

Xenylenebisdixenylm ethyl,  413 
Xylylenepentamethylenediamine,  328 

Y 

Yohimbenic  acid,  382 
Yohimbe  species,  381 
Yohimbic  acid,  382 
Yohimbine,  251,  381,  382 
Yohimbol,  382 
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